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PREFACE*. 


This volume of Chemical Technology deals with the special application of 
Filel to the purpose of *producing Light, irrespective ofj the beat developed 
at thpsame tihi.e, and as there are many ways in \Chich this is effected, it 
was necessary to fix on some order of sequence in which the variouedSections 
should be arranged. Ssmething in the nature of historical or effronologieal 
succession has 'been adopted as a matter of convenience, but this relates 
only to thcorder i%which the various methods of obtaining light came into 
use, for it is evident that as the means of illumination referred to, in then- 
higher developments at all events, are eveffy one of them still in use, there 
is no reason t > suppose that’no further improvements will be mad^or that 
they will any of them become obsolete.' 

‘ Iiff the first Soction, that on Oils and Fats, for which we are indebted 
to Mr. W. Y. Dent, only thp&ep-tfdnrh arte used for lighting are considered, 
thus excluding (Jie very 'arge and important class of oils and fats em¬ 
ployed for lubrication, or as vehicles in painting or varnish making, or 
as matorial for other chemical products. Although the general .offline of 
the technology of these substances remains essentially the same as it was in 
early times, yet the great progress which has' bfen made in recent years in 
the machinery used in their extraction and preparation will doubtless 
continue, resulting in saving both in cost and in labour, besides improving 
the pRrity of the product. • • 

Further important advances have been made in rthe matter of testing 
these materials, whereby not only can the (jhalitjr of the product ascer¬ 
tained, but the presence and nature of foreign Substances can be detected, 
whether they occur as accidental "impurities or*have ^been aflded Ibr the 


purpose of, fraudulent adulteration. ^ Owing to the highly complex nature 
of the compounds tliyaselv^s, theft very close .jesemblance one to another, 
and the ease with which Ujyy nifcWecomposed by ehjtBit'Bf agents, the'tests 
applicable t<>, thorn are* more or*less uncertain in their operation, much 
depend jpg on an exact attainment of Simitar conditions and on the experience 
of th^operaUr. Still, as shown_in*the sectiojj relating to this subject,^nuch 
has been done ‘o rei: t-aat-.a .ml nnmnarable when made by 

different observers*.- ««• 


B # In the SteaSine Industry, d^pcribed by Mr. J. McArthur, there is a 
Bonnffvnat siigillr condition of affairs, but the entire subjecf is comparatively 
modem, involving definite chemical processes. Recently considerable im¬ 
provements in the direction of larger and more powerful apparatus have 
been made, enabling the manufacturer to produce a purer article with*a 
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larger yield fnd lesMoss of subsidiary predicts, and tbes? *r$ described 
The process is, of course, the first stage iu the manufacture m bandies' ’ , 

The Section on the Manufacture op Oaotjl^i i^.writfen by t XeSars., 
L. Field and F.'A. Fi&ld. In temperate and northern clinmtjjs, .this* is 
probably one of the oldest ( industries of mankind, (\nd the caifdje is essen- <■ 
tially the same throughout the ages, although the materials alifl* thtP 
machinery employed have varied very considerably. In wax candlfef the 
mode of manufacture remains tjie same as it was in thp Middle AglsJ the , 
sole improvement being in the refining and bleaching of the raw material, 
unfortunately oftei^ accompanied by its adultecatioif with lass costly wai‘<#. 
Candles other than whx were formerly entirely of tallow, but now^is is 
almost superseded by paraffin, stearine, and ozokerit, • The machinery Tor 
making thbm has undergone ah enormous development of late years, 
enabling the manufacturer to produce a more sigfitly article with great 
rapidity and in great quantity. The tallow candle, wi$>. its wig’: requiring 
constant snuffing, is almost obsolete, hut there seems no reason to look for 
such a fate for the modern candle with improved wick. It is true that for , 
the lighting of large public buildings and for‘tbe greater part of domestic 
lighting, candles have been superseded by gas, petrolpum, and electricity ; but 
there are many domestic purposes for which they are still the most con-* 
vqjpent form of illuminant, not to mention that there are many who still 
use them as a matter of personal or artistic preference, and that to an 
extent which creates a largo and increasing demand for them. 

PElSeLEDM is perhaps the most formidable rival of the candle, and 
Mr. Eedwood has dealt with its technology with great care and thorough¬ 
ness. At one time suppdked to be a rare anil isolated occurrence, it is now 
known to be very widely distributed over the surface of the earth and in 
enormous quantities. The mechanical skill displayed in the apparatus for 
boring the oil-wells will strike every one; the elaborate* tools used tb per¬ 
forate rocks of all degrees of hardness for many hundreds of feet in depth, 
with ^ straight bore.nf s<*ue i4x inches in diameter, to remove the debris, 
audio remedy all kinds 6f fractures and mishaps to tools at those great -l 
depths, are wonderful trihmphs of meohauical sljill. The crude material, 
when obtained, has to be refined and separated into various products, em¬ 
ployed chiefly for illumination and for lubrication, am| in these operations oi 
refining and sepaflttiwfcXonsiderable acfvaiifces have been made in reducing the 
cost, in improving the quality of the product, and in diminislphg the loss. 

For lighting, petroleum is, ani peAiaps will remain, in possession *f the 
field*bntside towns and the larger village!!. Where houses are so scattered 
that gas or electricity cannot well be supplied, it furnishes the main source 
of light, and with the lamp* now available leases very little to desire either 
on the ground of cost, health, or safety. ^The aggregate uSe thus secured 
necessarily very large* and to this must be added what is uSed, in towhs by 
thl poorer classes, not to mention those wdio prefer it to gas as being more 
cleanly and lessdestructive to furniture and decoctions, and on this account 
Me willing to forego the conveniences afforded by the use of gas. 
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• Mu?h vajimblq information incorporated in Sectidh IV. (The Petroleum 
Industry) has'been derived from* Professor Peckham’s* Census Repert on 
. PetscSpttm, froib»Mr. John F. Carll’s Reports of the Geological 8 urvey of 
Pennsylvania, and from other sources ack'nowledged»in the" Section. A few 
, illustrations «have been taken from the •Geological Survey Reports? from 
- ®Cr. Rapjamid J. Brew’s work on Petroleum, an<f from the Catalogue of the 
Oil well Supply Company of Pennsylvania, whilst others have been taken 
’ from, papers by the author ef this Section published In the “ Journal of 
the Society of Chemical Jndustry ”; for part of the material employed 
i#fhe preparation of thp maps he is indebted to Mr. John C. Welch of New 
York.* The account of the Shale Oil Industry is largely based upon parti¬ 
cular! i5ipplied«*y the.late Mr. T. A. Aitkon, and some of the illustrations 

* have been taken from papers by Mr. R. II. Brunton (“*Minutes of Proceedings 
of the'Institution of Civil Engineers”), and Mr. George Beilby (“Journal 
of the Society of Arts ’’), whilst others have_ been reproduced from .patent 
specifications. 

The Section on Lamps is divided intotwovprincipal subdivisions—namely, 
lamps burning fat oils, and lumps buming*mineral oil* The history of the 
former has been traced from the earliest times, and all the important examples 
»of the^lifferent varieties*of this class of lamps ,have been described. The 
mineral oil lamp, however, is gf far greater importance, and the very 
complete and elaborate series ;i lustrated here will show the amount of 
mechanical skill wTiich has been devoted to it. The essential points to be 
attained are complete combus.ion of the oil with the highest possibja flame 
temperature, and the avoidance of escape of unburned or partially burned 
oil. At the present time therfl is great (iill'ereneeVof opinion as to the use of 
oil with a high or a low flashing point for general lighting purposes. As this 
is a controversial matter it has not been touched on here, but whatever may 
be th* merits of the one or tl*s other, it seems clear that it is a distinct 
advantage to have a lamp so constructed ag to prevent access of flame to^ 
the interior of the reservoir, and that the Waiter jjiould be metallic and of 
such a character that if it be thrown down or inverted the oil cannot escape. 

A chapter has been introduced on that useful application of'ierude 
mineral oils for illuminating purposes, the Blast or Spray'Lamp, of which the 
** lncigen ” lamp is th^type.. The large volume of the flame, about 3 ft. long 
by 9 in. in diameter,’renders it .specially applisable„for>-*vork carried on 
at night in the open air, to whiefy use, moreover, it is almost exclusively 
confined by reason of the dullroar of theJlame, and of the heat and smoke 
which it emits. •• ** 

Several of the figures in* this Section (V.) have been drawn for this 
article frdrn lamp.'yp the possession of Mj. Bov^rton Redwood, a few^have 
, been taken from Mr. Leopold Fields Cantor Lectures on Solid and Liquid 
*Hfum*flating Agents, and a large number have b&m eflpied from the 
specifications of the patents refegred to. Mr. Redwood has asked us*to 

• acknowledge the assistance given him by Mr. George X Holloway in 

preparing the article.on Lamps. • ’ » 
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The use of Oh,*GaS is a curious instance of Revival. ^ Jn^the early days*? 
gas naking it was used'to a considerable extent, and is now a^in bfeught 
farwdbd for«the special purpose of lighting railway carrjgj'es »n<J to some- 
extent lighthouses ; in.both cases because it givls a ligjht of high intensity 
with a small volume of gas. • •, < 

The last. Section—on'.MiNERs’ Safety LAMFS-^by'Melsrs. B^uertf*- 
Redwood and D. A. Louis, is not the least important. Our supply -of coal 
depends on the efficiency of these appliances, and the numerous'illustrations 
given will show how carefully they have beef studied. Although many 
attempts have been made to secure the desjfed end by other means, £fce 
lamp almost universally used regains essentially the same in principle as 
that originally devised independently by Davy an<4 by Shephenson. • It 
is sad to .think that,the reckless carelessness of-the men themselves,* 
heedless of their own and tfieir comrades’ safety, is almost if not quite as 
great a difficulty to be overcome as the danger arising from the presence 
of explosive gases or coal dust. That, in short, as much study has to be 
devoted to devising means of preventing improper opening of the lamp, or 
deliberate injury to* its structure, as to soctjring its efficiency as a safe 
light i*. an inflammable atmosphere. The importance of the special testing 
lamp devised by Dr. Clones for readily and accurately ascertaining tba« 
amount of fire-damp present in the air of a mine, and tho modification of 
itl>y Mr. Redwood for the special purpose of examining the air in the tanks 
of petroleum ships, will be readily understood and will be appreciated by 
all whjj^Jcnow the difficulty of constructing au apparatus which, although 
delicate, can yet be used readily by men who ure relatively unskilled. 
The authors of this .Section wish to acknowledge their indebtedness to 
several works which have been consulted, including :—“ The Report of the 
Commissioners on Accidents in Mines; ” “ The Transactions of tho 
Federated Institution of Mining Engineers; ” Tho proceedings «f the 
Royal Society, of the Chesterfield and Midland Institute of Engineers, 
of the South Wales Institute^* Mining Engineers, of the South Stafford¬ 
shire ‘Institute of Tiiiniijg Engineers; “ The Journal of the Society of 
ArtB,’}* and,<‘ The Annaks des Mines.” Some of the figures have been 
borrowed from these sources, but a large number of them have been specially 
drawn for this article. ' . * 

The Editors glajily express them indebtedness to the authors of the 
several articles, and also to many others' who Rave contributed information 
or kindly allowed the use of illustrations. ^Among the latter they may 
mention Messrs. Rose, Downs, and Thompson; Price’s Patent* Candle 
Company, Limited; Engineering ; and Mr! E.' Cowles. „ ‘ 

The very full and complete Incjjx to this volume ftill v jj, is hoped, greatly 
increase its value ah a work of reference. * 

The next voiume< of “ Chemical Technology,” Vol. Ill,, will comprise* 
Qu Lighting, Electric Lighting, Lighthouse Illumination, an(f Photometry; 
and, with Vol v II., will furnish a full and comprehensive account of the < 
present state ofLighting ” in all its branches. 
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CHEMl'CA’L TECHNOLOGY 


LIGHTING. 

INTRODUCTION. 

As fuel, and it . applications for the purpose ofjrroducing heat,are undoubtedly 
involved in some form or other in everyone of the arts, and as it is the chief 
instrument in bringing about those changes which we usually class as chemical 
technology, the first volume of, thig series was naturally devoted to its 
consideration. This, the sifccc' ding volume, treats of the application of 
fuel under such condition'; ns to furnish light, either directly or indirectly. 

With certain small exceptions, to which reference will be made hereafter, 
the subject of lighting may be considered under two principal heads, one of 
which deals with the use of fuel to produce a gas which, on reacting chemi¬ 
cally with another gas, will produce a temperature so high as to emit light, 
and the other in which fuel is used directly or indirectly to yaise the 
temperature of a solid refractory body to incandescence. In the former case, 
the substances in the act of combination emit the light; in the other, the 
light S emitted by ft highly heatefl but inert substance^and the source of heat 
may be, non-luminous, or even, us in the electric light, entirely remote. 

The most common illustration, of the foi%i ar cla ss is that of a candle, but 
the phenomena even here are more complex than at, first sight appears. 
The first s*ugo is that the solid fatty matter of tlje candle is jaelted ,by the 
heat of the flame, and thus produces an oil; this is ^carriod*by capillary 
action up t, l|« w.u l.- to the highly heated region of the flame and there under¬ 
goes destructive distil’ation,»from which result more or less complex gaseous 
hydrocarbons, and these iu thehr »tifrn undergo combustion, or, in other 
words !>y tl.ij action ot the'SxygeA of the air are converted into new com¬ 
pounds, this change being accompanied tw theMevelopment of so much heat 
that the temperature is raisetl high enough to produce light. The candle is 
then f>n a small scale first mi o^l fuStory, and^econdly a gas-works, the 3 sole 
representative -f mechanism being the wick. 

If we^considej; the*still more anciertt u|e of ajhquid oil in a lamp, we sea 
that the later stages are still represented, the gas manufacture still taking 
prtace, and ’o, may occur either with or without the assistance of a wick. 

These operations, which occur simultaneously and on a minute scale in 
the candle, may be separated, both in time and space, and conducted ,on a 
scale of any desired magnitude and with apparatus of greater or less com¬ 
plexity, as when a liquid fjiel is obtained from a solid, or a ‘gas is produced 
from a solid or liq"uid*fuel, and snored 1 until it is required for use. The 

a *'• 
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intermediate productl may be stored for any desired time, or transported 
from qne sjtot to aiiother as required, but the essentiarcondiflons .remain 
the sajne. , 

In the recent application of “water gas” for illumihating purposes therfe' 
is a somewhat greater'complexity, but a similar result. By phe a'etion of 
carboA on water vapours at a high temperature, a mixture of combustible" 
gases is obtained, which, burning in air, would produce a flame havmjf very' 
little luminosity, and so be useless for lighting purposes; but by the addition 
of a suitable volatile hydroea.rjita the flame is rendered luminous' akd the 
compound “ gas ” thus produced is, from our present point of view,- not very 
dissimilar from coal gas. 

There are other cases of illuminating gases, however, which have tut 
little analogy with thcscandle. For example, a mixture of nitric oxiffawith 
the vapour of bisulphide of carbon when inflamed bums with an extremely 
brilliant luminous flame, but here the stages of oil and gas making ,sre 
absent, or of an entirely difterwit character. 

The other class of cases in which light is obtained by the •incandescence 
of a sqlid body is in all the higher developments of more recent Jate. The 
light given by a mass of heated metal or from a coke or charcoal lire is of 
course well known from all antiquity, but as a means of illumination of 
extremely limited use It was not until oxygen wp employed to produce a 
flame of extremely high temperature when uniting with hydrogen or coal 
gas, tilde any notable use of this method of lighting was made. The intense 
heat of this flame, itself practically noil-luminous, was made to rafee the 
temperature of a piece of solid lime until it emitted light of great brilliance, 
the lime remaining unchanged. Recently many other similar arrangements 
have been devised in which a non-luminous flitmo of sufficient intensity is 
made to impinge on a solid refractory and inert substance. The Welsbach 
light is now a familiar instance of this. 

The electric light, whether from the electi-ic arc or from an incandescent 
filament, is also of this character, although the necessary heat is not ob¬ 
tained directly from the combustion of fuel, but by interposing a place of high 
resistance in an electric circuit. In the arc light, this is an actual interrup¬ 
tion of continuity of a carbon conductor, the ends of which, at the point, 
where the current is cqmpelled to leap across the gap, beebmo heated lo tho 
very highest intensity. In the incandescent form the conductor is continuous, 
'but at a suitable point the resist mce is greatly increased either by the intro¬ 
duction of a different subsyXiice of loss conducting power, or more generally 
by reducing the conductor to an extremely fine filament, which is usually of 
carboE, although other .substances, such as platinum, or even a fine stream 
of mercury, have bedn used, dor an incandescent light, the re^hinjo offered 
to the current must bo sufficient to produce great heat, but must not, of 
course, be so great as to preVent the passage of the current. To protect the 
carbon filament, it must be placed in a glass vessel from which the air has 
been exhausted, and if platihum be used the heat must not'be allowed to 
reach the melting point of the methl. ’ In the mercury lamp, the conductor 
is maintained in spite of the volatility of the metal by constant renewal from 
a reservoir. 11 

The light of the highest intensity-is not necessarily tjie-most Useful, and 
the selection of a source of light \till depend chiefly on whether it is desired 
' that the light, itself should be seen, or whether it should he the meqns df 
rendering visible objects which are not themselves luminous. For the former 
purpose, in most cases, the more intense 'the light and the more nearly it 
approaches to a^true point the better, as, for example, in the case of light¬ 
houses, signal-lights of ships, railway signals, and, the head-lights of railway 
trains. For these it is needful,that the light itself should be seen cleailv 
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arW at a sufficient distance, but it ig not necessary, or may'be aven a disad- 
. vantage, thatanjf-or the surrounding objects should be visible; the light is 
requifepLmerely ^6 deliver its agreed message as a signal. It is rather 
singular that, as regards railway trains, there seems to be a difference in this 
respect between British and Continental ^practice, {he former using ymall 
^mps merely a# signals, and the latter large lamps with reflectors apparently 
for th» purpose of llluAinating the road in front. Possibly the latter is a 
■ survival from times still recent, when lower speed prevailed. At the 
speedg Kofamon in tho former such illumut».tions w ould be useless, and 
perhaps even injurifl^s^by nuson of the surrounding’ glare interfering with 
ready sight of distant signals. 

*w hen, however, light is required for the purpose of b%ing reflected from 
non-lqjminous objects,and so rendering tliqjn visible to tbe eye, it is desirable 
to Uftve a largo amount .of light of low intensity, and generally that it should 
®bo distributed about the area to be lighted tathor than concentrateS at one 
or a few points. A rogrS which would be well lighted -by means of twenty 
candles will be but poorly lighted by means of a single lamp giving light 
equal to tw*e*ty candles. Moreover, if the flame of such a lamp be surrounded 
by an opal globe, or a white or opal shade and cup, it will bo found that the 
l oom is better lighted than by tho naked finite, although in all probability 
the globe or shade will intercejjtyme half of»the light, il'his may be further 
illustrated by • lie practice in some cases of,workmen in the open <ur who 
carry on their labour without difficulty by the light from a brazier of glowing 
•coals or coke, the actual light from which is very small, perhaps not exceeding 
that from a single candle, but if the candle were employed in place of the 
brazier it would bo found quite*ine*Heient. Generally it may he said that with 
a given amount of light, the lowor and the more uniform the intensity the 
hotter the illumination. The >-eaeon for this must probably be sought in 
the structure of tho eye, tho iris of which adjusts itself continually to the 
ana unt of light falling upon the retina, so that no spot on this should 
receive an amount of light too Jreat to be borne with comfort. The aperture 
of the iris is therefore adjusted not to the total amount of light entering the 
eye, hut to tho intensity of tho brightest spot of tho image on the retina, so 
that while this can bo seen perfectly the aperturo will be too small to allow 
sufficient light to effter to admit*of clear vision of the remainder. If the 
illumination he uniform, that is, free from points of exceptional intensity, , 
the amount of light allowed to enter the eye at [^maximum. 
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FATS AND 'OILS. 

BY 

WILLIAM Y. DENTi 

The Pats.—These products of organic life derived g from t^e structures 
of plants and animals are found very generally diffused in nature, and play 
a very important part in domestic economy, being largely consumed as food, 
and extensively emp’oyed in tha,production of light. 

Their elementary constituents are carbon, fhydrogen, and oxygen; the 
proportion of carbon being very large, in many instances as high as 80 per cent. 
The following table showsJhe relative proportions of carbon, hydrogen, and' 
pxygen in home fatty substances employed for illuminating and other 
purposes. ' 


Nature. 

Carbon. 

Hydrogen. 

Oxygen. 

Analyst. 

Olive oil . 

Beeswax 

Sperm oil . , , 

LinsOed oil 

Tallow (stearin). 
Spermaceti . . 

Per cent. 
77.21 
1.81.80 
78.90 
76.01 
7900 
81.60 

Per cent. 

133b 

12.97 

10.97 ‘ 

n.35 

H. 70 
12.80 

• 

Per cent. 

9-43 

5.53 

10.13 

12.64 

9 - 3 ° 
5.60 

Gay-Lussac & Thenard 

Ure 

Saassure 

Clievreul 

r 


The several descriptions of fatty substances differ widely from each other 
as regards their coBsisteii.*“fbonie of them being solid at ordinary tempera¬ 
tures and others liquid". The solid fats are represented by the several 
varijties o^fallow, as \yell as by some of the substances commonly known as 
waxes, such as Japan wax, and myrtle wax, which from their composition 
(consisting as they do of fatty acids in combination with^iycerin) are not 
strictly speaking waxes, dsut ehoul 4 properly be dlassed with fats. The 
liquid fats are represented by the numerous varieties of oils which are 
ordinarily in a fluid condition; whilst between the solid and liquid fats there 
are others holding an intermediate position .partaking of the character of 
grouse, being more or less of a semi-sqjid consistency, such as palih oil and 
cocoa-nut oil. 1 - >• 

The fats as obtained from natural sources, whether from the animal or 
vegetable kingdom, are n&t homogeneous chemical compounds, but consist of 
certain mixtures of proximate constituents, principally stharin, palmitin, and 
olein, in varying proportions; some of "these, such as steifrin (crTfnp,rtallbw) 
are solid at ordinary temperatures, whilst others are liquid, 1 such as olein 
(iXatov, oleum, oil), remaining fluid at as low a temperature as o° C. (32°P.). 0 
The principaT$olid fatty constituent of mutton tallow was termed margarin 
\iidpyafiov, a pearl) on account of, the yearly lustre sometimes exhibited by 
the fatty acids of mutton tallow 1 ) or by some of their .compounds. 






, OAENAUBA WAX. PALM WAX. 


s 


* Margarin -waj a| a ne time considered to be a distinct kind o£, fat, but it 
hae alftie be5n shown by Heintz to be a mixture of stearin and palmitin; the 
latter hot only enters into the composition of animal fats, but (as the* name 
indicates) is the priftefpal dbnstituent of ptilm oil. . 

The proisipiate constituents of fatty substances were found by the classical 
^searches of Ghevjreul to consist of certain organic fatty acidS, united with 
an organic radicle which from its sweet flavour received the name of glycerin 
fyXvKw,' sweet); it is, however, more cou^jstent with modern chemical 
jiomendlafnre to speak of it as glycerol, ^since it ranks chemically as 
an alcohol; it is im fact m trihydric alcohol represented by the formula 


C 3 EL<OH) 3 . 

iStaym is an ethereal salt formed by the union of steAric acid, C ls H 3l .O„ 
and gh'ccrol wil^i elimination of water; stud similarly, palmitin is formed 
from* palmitic acid, CjjlIj.O,, and glycerol; olein from oleic acid, £J lg H 3< Oj, 
♦andjriycerol. • 

The true fats strictly‘speaking are all glycerides, and are distinguished 
from othej cortlpounds which they resemble iu physical character, such as 
the various kinds of*wax, by yielding glyceritf or glycerol when subjeflted to 


any process of saponification. 

The waxes when subjected to a process of •saponification yield certain of 
the higher me nhydric alcohol#, which varf in their ^imposition with the 
nature of the wax. Beeswax, as obtained fnorn the honeycomb of various 
Aperies of bee, may ho considered to be tho typo of a true wax ; it is composed 
*of free cerotic acid, C„11, ( 0„ and myriein, whicU*is a solid having the con¬ 
stitution of myricyl palmitnto, f! lfi H„,(Cl i ,H 31 )O a , a derivative of myricyl alcohol, 

C H cl .OH. Tho true composition of beeswax was first determined by 
Brodie; more recently IleLncr* has made a very complete investigation of 
the question of commercial via ms, and has devised a system of analysis which 
has been genorally adopted. 

There are a number of othep waxes not made by bees, several of which 
are of commercial importance:— . * 

Chinese wax, or Bo-la, tho latter name being derived from the .Chinese, 
chung-pch-la, signifying insect wiiite wax. This is produced by the action of 
an insert, coccus pe-la (somewhat jesembling iu appearance tlio small wood¬ 
louse) upon certain*trees, more especially the Fraxiifus chinensie, which is 
cultivated for the express purpose of piroducing the wa* The cocoons con- » 
taining eggs are collected in April, folded interning, and attached to the tree; 
in from one to four weeks the insects emerge and spread over the branches, 
the bark of which they puncture; tho young shouts soon beirome covered 
* with a layer of wnx, whieft is removed in August lind melted,’in oraer to 
separate it fr"r- ’’ and insects. The»wax is composed of cerotate of ceryi, 

, melting at a temperature ok 82° «. (180” F.)>.it is almost entirely con¬ 
sumed in China, for illuminating purposes, very little reaching this country. 

Carnauba Wax.—This is a yellowish brittlp substance, and so hard as to 
have received the name of stone-wax. ®It^idhcres iu a thin film to the leaves, 
stalks, afid hi Tries of a Brazilian palm, Copervicia cerifera. , 

It has a sp. gr. of 0.995 -i.ocjo at 60° B. and of 0.842 at the temperature 
of boiling,wale : The melting point is very high, 83°-85° 0 . (181 0 - 185“ ¥■). 
It is of a floraplnx .cor itio^, consisting chiefly of cerotic acid, myricyl 
, alcohol, and myricyl cerotate. Thig stone-wax is frequently employed in the . 
^ulftltepatii... ci beeswax, to counterffct the softness and,low ufeiting point of 
some other adulterant. 

Palm Wax.—This is also & very hard wax somewhat resembling 
■’ carnauba, obtained from th# bark of Ceroxylon audicola, from the Cordilleras 
of New Grenada. It meltset 72°-86° 0^(162° - 187° F.). 


* “Analyst,” viii*x883. 
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Spermaceti. —This is obtained from the cellular ua^iejn ine enormous 
head of the ^achalot or sperm whale ( Physeter macrocephahtp), and consists for 
the most part of cetyl palmitate, C 1 g H j1 .((J jc H, b )O i , existing in th#head as 1 
“ sperm crystals ’’; these are also obtained from wie body oil, after melting' 
and cooling. On saponification, cetyl hydrate is liberated, but rib glycerol. 

SAPONIFICATION OF FATS. 

Fats may be decomposed opto their proximate constituents in Several, 
ways, to all of which the term saponification is applirj, although strictly 
speaking it only properly belongs to that which consists in subjecting /he 
fats to the action of a powerful base (such as koda or .lime) which takes the 
place of the glycerol, fcombining with the fatty acids to foiph a trne» soap, 
if steariq bo the substance acted on, a corresponding stearate of soda or 
stearate of calcium is produced, tiie glycerol being sot free. This soda, or f 
lime soap, is subsequently decomposed by boiling with sulphuric acid,' which 
acts on it, forming sodium or calcium sulphate, with liberation 6f stparic acid. 
The plan usually adopted on it large scale is to place in'a lead-Kned tank a 
ijuantity of tallow raid palm oil, which is melted by passing steam into it; 
the proper proportion of slaked lime (the quantity depending on the nature 
of the fat) is then tftrown in, alid the mixture foiled for some hours with 
open stfam; this causes the fatty acids to combine with the lime, forming a 
hard insoluble substanco technically known as “rock,” consisting of stcarato,’ 
palmitate, and oloatc of caldfum, whilst the glycerol remains dissolved in the 
water, forming a very dilute solution iDoinmorjly known as “ sweet water.” 
The calcium salts are subsequently boiled with sulphuric acid which decom¬ 
poses them, forming calcium sulphate, whilst the liberated fatty acids float 
on the top of the liquid; when partially cooled, the melted fatty acids are run 
of!' into pans and allowed to solidify. The solid cakes are subsequently 
placed in horsehair bags and subjected (at a gentle heat) to hydraulic pres¬ 
sure, to force out the olefc acid. They are afterwards placed in stronger 
bags, and subjected to a higher pressure (approaching 6 tons on the square 
inch) at a temperature of 49 0 C. (120° F.). The pressed cakes, which con¬ 
sist of stearic and palmitic acids, when cast ijito blocks are then ready /or the 
use of the candle manfifacturer, or for other purposes. 1 

These fatty acids fire still known commercially by the name of stearin, or 
palmitic, although tjhcse properly represent the harder portions of 

tallow, or other fats as obtained by simply subjecting the fats to pressure, 
by which the'harder portions or stearin and palmitin are separated from the 
more fluid portions,„or olein. ‘ * 

The candles made from pressed fats were termed steariR"»t« distinguish 
them from those mado of .tallow, but these have befen now superseded in ■ 
their turn by the so-called stearin candles'of t^e present day, although these 
really consist of stearic and pplmitic acids. 

The fat can also be decomposed fey a process to which the term acidification 
is applied, which consists in subjecting them to'the action of strong shlphuric 
acid assisted by heat. The fits are placed, in, copper boilers with tbs acid, 
and are kept heated by steam at a temperature of aboj.it 176' C. (350° F.) for 
several hours. The glyceaol of tlta fat is partly converted into sulphoglyceric 
acid, and partly decomposed with the djsengagement of •carbonic and sul- , 
phurous acids/a certain amount of carbdn being deposited.* The fatty acfds C 
combine with the sulphuric acid to form sulphostearic, sulphlipalmitic, and 
sulpholeic acids. These are decomposed by the action of steam with the 
formation of Stearic, palmitic, and oleic acids; the oleic acid is at the same ’ 
time partially converted into elai'dic acid,‘which has the same composition as 
oleic acid, but differs from it as regards its physical jjijoperties, being much 
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fess fusible, its melting point being about 45° 0 . (n$° F.). The formation 
of this elaidio aekUtends to incree&e the amount of soiid*fatty acids obtained 
by thih method of treatment. The black mass (consisting majnly qf fatty 
' .acids/, lifter waShjng 'frojn the sulphurip acid and sulphoglyceric acid, is 
transferred to a retort, and the fatty acids distilled "over by means of super¬ 
heated steam assisted by a gentle “ bottofn heat." , 

N fh* earlier pfoducts of the distillation consist of hydrocarbons, some of 
whieh, are in a gaseous and others in a liquid condition. The fatty acids 
that ^)n»e over are of a good colour, melting at 42°-44° C. (108°—112° F.); 

• »nd*when subiected in bags to pressure so tut to separate' the more fluid oleic 
acid, a hard solid stflirfc aciS is obtained, melting at 49°-5o“C. (i2o°-i22° F.). 
m The acidification process i§ extensively applied to palm and cocoa-nut oils, 
and it especially adapted for decomposing bone oil, a.^ well as refuse fats of 
evsry description, and converting them to useful purposes. 

in 1854, a patent*was taken out by Tilghmaun for decomposing fats by 
exposing them in a long wrougbt-iron vesse^ (lined with lead and placed in 
a horizontal position)*to the action of water at a high temperature and under 
great pwssure. This was subsequently superseded by the autoclave .process 
of I)e .Mifiy, in wtiich the fat was put into a boiler (made of stout copper, 
provided with a stirrer, and placed in a vei liral position), together with one- 
third its volume of water and a small qujuftity of lime (about 2 per cent.), 
or its equiv d< nt of caustic sofla" The boiler was then heated for three or four 
hours under a pressure of 120 lbs. to the sqtiare inch. Yery large quantities 
of stearic acid are made by means of this procsjgs. 

In 1855, Mr. G. F. Wilson, of Price’s Patent Candle Company, effected the 
decomposition of fats by subjecting them to the action of superheated stelm 
under ordinary •pressure. Bypassing steam at a temperature of 313 C. 
(6oo° F.) through the fats, tue fatty acids are separated from the glycerol 
and are distilled over, the glycerol condensing in the receiver, and forming a 
dilute aqueous solution below the layer of fatty acids. By concentrating this 
dilute solution glycerol is obtained, free from tigs alkaline salts with which 
it had always (previously to the discovery of this process) been contaminated ; 
when redistilled by the aid of steam a glycerol of chemical purity il obtained, 
which under the name of “ Price’s glycerin ” has for many years proved 
a valuable articl%for the manufacture of pharmaceutical preparations, and 
for various medical purposes. . 

The fatty oils employed for illuminating purposes, when exposed to thtf 
influence of heat do not evaporate, and are^ttfbrefore termed fixed.oils, to 
distinguish them from the volatile or essential oils, such as turpentine, from 
which they differ both as regards their composition,and properties, thg latter 
evolving, at ordinaly temperatu.es, a distinctive and frequently an agreeable 
odour. TheTJxbd oilsj when raised $0 a'liigh temperature under ordinary atmo¬ 
spheric pressure, decompose, and gre resolved iifff) a great number of new pro¬ 
ducts, some 01 which are of a verygiffensive description. The glycerol, one of 
the constituents, is partly converted into acrolein or acraldehyde, a compound 
of an pxtromi' r pungent clmraeter; It is this substance whieh gives rise to the 
peculiar and very unpleasant odoita produced on blowing out a candle made 
front tallow oy any fat conthinibg glycerol. It is also from acrolein that the 
vapours'^rismg fron* boiling oil derive their well-known characteristic and 
very irritating properties. The fatty acid*of the'oil are partly volatilised, and 
partly undergo conversion into hydrocarbons (especially of thgjjlefua* class)* 
carbonic acid, and other products, a considerable quantity of carbon being 
left as a residue; part of the olqje acid is also converted into sebacic acid. 

When these fatty substances are passed through a red-hot tube they are 
almost entirely decomposed into, volatile products, consisting principally^! 
carbonic acid and variqus*hydrocari)ous. ^ 
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Refuse fat, and soflie of the cheaper of the fixed oils, were, at one tuna 
converted into gasdbus hydrocarbons and used for illuiiinatiijg purposes, 
under the name of oil-gas, but they are now but little utilised in this m&nner, . 
cheaper sources of light, such as are afforded by.the mineral oils, naving.. 
been substituted for the&. .. • 

ThS fixed oils may be divided fhto two classes, drying^ and* non-drying 
oils, although-no sharp ling of distinction can be drawn between* them. • 
The drying oils, as represented by linseed, hempseed, and poppy-seed tiils, 
on exposure to air in thin films' absorb oxygen, and in a short time* hfeome * 
converted into a hard resinous* substance, a projierty which renders them * 
particularly valuable for the purposes of the painter and varnish-maker. 
The non-drying oils, as represented by olive-oil; under similar circumstandfti 
remain liquid, whilst spme of the other oils, such as cotton-seed oil, ho’^1 an 
intermediate position in this respecb. * “ * 

The nbn-drying oils, on exposure to the air, become rancid by the ab¬ 
sorption of oxygen, acquiring g, very unpleasant fluvour and disagreealfie 
odour, of which we have a familiar example in the case of salad oil after it 
has beep kept for a long time in,a partially filled bottle ; ljut fats^obtaining 
caproic and caprylic acids, such as cocoa-nut oil and butter fats, are pecu¬ 
liarly liable to undergo this cliaqge ; the drying oils, on the contrary, exhibit 
much less tendency to^plterations pf this character. 

This rancidity is due to fermentation, which'is promoted by the action of 
the oxygen of the air on the albumonoid and other impurities contained in . 
the oils, so that a well-retine^j oil is less liable to undergo a change of this 
nature than one containing a larger proportion of impurities. As the action 
progresses, the neutral fats are decomposed, the fatty acids being set fret' 
and glycerol produced ; some of theso fatty acids, more especially those emanat¬ 
ing from cocoa-nut oil, evolving an exceptionally unpleasant odour. By 
agitating a rancid oil with boiling water, and subsequently washing it with 
a weak solution of soda, it may be deprived of its rancidity, and again made 
to resume the condition of g. sweet oil. ' 

This absorption of oxygen by oils, mdre especially by drying oils, is 
attended with the development, of heat, and to such an extent is this the 
case, that cotton-waste or other porous material containing oil, when laid in 
a heap is liable to becoipe ignited, and it had been proved that many strious 
fires have been causei^by such ignition. The danger of fire arising from 
'this source lias been so completely established by the experiments of Oellatly 
and others, and is now sp*well known and so generally recognised, that 
manufacturers are very careful not to allow any accumulation of oily cotton- 
or silkVwaste f,o remain on their premises. The abrorption of oxygen by oil 
is now conducted on an extensive scale for the purpose of thickening it, with 
the object of producing what is knownhus pxidiserl or “ jjlown ,r oVl. The oils' 
generally operated on are rajffe, cotton-teed,, and linseed. The oil is heated, 
starting at a temperature of about 70° Ct (158*' F.), and air is then blown 
through it by means of a perforated tube'for from sixteen to thirty hours; 
the heat generated by the ckemicaftuhion which takes place is sufficient to 
maintain the temperature, which is not, h&wever, allowed to rise above 7^° 0. 
(167° F.). The proportion of oxygen in the oil is considerably increased by this 
treatment, being in some samples more than doublfd. Rape nil can be 
made to acquire the consistency *bf castor "oil, its sp.' gy. ranging from 
'v.yn. t" 0 -Q-7 r ; j diis thickened oil is used,£or the purpose of, increasing tho 
viscosity of lubricating'oils; it is capable of being mixed with qjineral 6il in 
much larger proportions than castor oil without the risk of any subsequent 
separation taking place. Linseed oil can be converted into a semi-solid 
glutinous mass capable of being used in tint manufacture of rubber substitute 
as well as for a variety of other purpose. 1 *. , 

The eipansiofl that takes place in the volume of > oil by increase of 
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temperature, is so considerable as to make it nedbssary for commercial 
purposes tbajj the Amount of such Expansion should be kfiown. ‘According to 
the deljrminations of Preisser, olive oil increases in volume foa each,degree 
Centigrade ywsv’j sa P e an< * train oil so that too measures of 

trafh oil at.o“ 0 . (32° F.) become 102 measures at h temperature of 20° 0 . 
(68° F.). B|ore recent determinations bf the density of oils at different 
k tempeftitures have led to the following results stated by Allen. In order 
to ascertain the rate of expansion of an oil, the density should be taken at 
two different temperatures which should bo As far apart as practicable. The 
•temperatures adopted weje 15.5’ C. (60* F.), and ^8°~99° 0 . (208’- 
210° F.) as most closely representing the actual temperature of an oil when 
iUfmersed in a vessel of boilifig water. Tho density of r^pe oil was found to 
be aj'these temperatures 0.915 and 0.863, water at 60° F. being represented 
by-i.odo; amPfrom a number of experiments with different oils, including 
olive, rape, sesame, arachis, cotton-seed, tijid linseed, it was found that for 
tfibse«oils 0.00064 might bo adopted as the figure representing the correction 
in density required by them for each degree Centigrade, or 0.00035 for each 
degree Fahrenheit,variation in temperature. 


TESTING OILS. 

The tests that are capable of being applied for ascertaining the quality 
and purity of oils, as well as of fatty sub.stS.nees generally, are of tvto kinds, 
some of them being of a physical, and others gf a chemical nature. Until 
within the last ten or twelve years, these tests were of a somewhat empirical 
character, the knowledge t Is ft we possessed of the constitution of the various 
descriptions of fatty substances not being sufficient to allow of such an ex¬ 
amination as would afford an insight into their composition and character. 

Many of the methods of testing oils adopted in the trade (however prude 
some of them may appear to be) are unquestionably of much service, as 
preliminary tests in detecting adulteration. X 110 amount of information 
that may be gained by making a'proper use of the senses of taste and smell, 
when educated by experience, is much greater than is frequently supposed. 
The odour given oft’ on warming will often servo to detect the presence or 
even "small quantities of animfll oil, when mixed nfith those of vegetable 
origin, as well as to distinguish its nature ; whilst tljp vory peculiar afters 
taste left by mineral and rosin oil at the jin ek of tho throat constitutes a 
verv delicate test for either of theso oils. TnePQeeulfar odour developed by 
some oils may also bo rendered more readily perceptiblo by rubbing ^.small 
quantity in tho palms of. the hands, or by igniting.the oil, blowing out the 
flame, and noting, the character of the vapour s given off. 

* A series'of tests hjive, however, jvitliin the last few years been elaborated ot 

a much more searching and scientjjfic character, file system of examination now 
generally adopted for ascertaining^the quality and purity of fatty substances 
involving a series of determinations* with reference to tho following points 
Specific Grucily at definite tempeVaflires of the fat. 

Do. do. of the fatty adds obtained by saponification. 

Melting (in -1 Solidifying * Points of the fats. 

jJ Ui dp, of the fatty acids.. 

Viscosity .—^ime required*to pass though an orifiae of a definite size ^ 
and at a l newp temperature and^iressure. m ,m ~ 

5 cidit y.-r-Estimation of the amount of free orgaiilc acid. 
Saponification .—Amount of alkali required for complete saponification 

° f ^Maumen'e’s Temperature Raution— Rise of temperature observed fn 
mixing with concentrated sulphurio acid. # 

JSlaidin Seaction>-^ffect produced by nitrous acid. 
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Bromide and Iodine A bsorption. —Quantity absorbed under condition! 
that prevent the formation of substitution products. ' •' , • 

lkkamovlh with solvents. . t . . 

Colour lieactions produced by acids, alkalies, arid otfie? reagents. # ' ' 

Cohesion Figures formed by pliyeing a drop of oil upon watejj,'’ ' 
Absorption Spectra .—Spectroscopic observation of absorption bands. / 

Exposure tt> Air .—Observation of drying properties. * 

Speoiflc Gravity.—The density of an oil has always been considered to , 
be a matter of importance, as giving indications of its quality; b#t, tho 
manner in which this point is frequently determined for fommercial-purposes 
can scarcely ho regarded as satisfactory. Thfi attention paid to slijdit 
alterations in the temperature of the sample*is insufficient, a point jvbich 
(owing to the high ccfefficient of expansion of oils by lieijt) it is f highly 
necessary should be carefully observed. Tho oleometer sometimes employed 
is often graduated in an arbitrary manner that does not tend to promote 11 
exactness in the observations mitilo, and has but littlif pretensions to scientific 
accuracy. If a sample of oil which is fluid under ordinary circtimstpnces, be 
carefully brought to a. temperature of 15.5° C. (60" K.)*by immersing the 
hydrometer tube containing it, in water at that temperature, results of a 
very trustworthy character may be obtained by means of an ordinary _ 


Fid.* * * ' 1 Fig. 2. 



* Westphal’s Hydrostatic Balance. 


hydrorq'eter, provided th$t* the accuracy of the .......... ...... ... ■., r . 

viously tested. Greater reliance can, however, bo placed op results obtained 
by the use of a spceilic gravity bottle, the density being (lOTermined by • 
actual weight. This is also the case when WeslphalVhydrostatic balance, 
Fig. 1, is employod, which consists of ;i counterpoised thermometer or 
plummet suspended to the beam. On immersing the plummet pi any liquid, 
the loss of weight is ascertained hj adjusting. riders until equilibrium is 
restored. With such fats as are ordinarily of a solid or semi-solid con¬ 
sistency, it is necessary to takS the density at a'high temperature; tl&t at 
which water boils at the place w-liere the laboratory is situated being 
generally adopted. Fur thifi purple a WestjAal’s hydrostAic balance may 
taf-T.ai.akgad. or a Sprengel tube, which consists of an elongated U-tubg t 
of glass, Fig.l^erminating in two capillary tubes bent at right angles in 
opposite directions and protected by caps. JFhe tube filled with the oil to be 
tested is immersed in a vessel of water kept at the desired temperature. 
When the oil hm\acquired the same temperature a's the water, the quantity 
is adjusted so that it fills the tube fsom the extrefue, point of one capillary 
tube to a Aark oil the other capillary. 
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* The following .results were obtained by Allen, 
being*represented by rooo :— 


Nature Gil or Fat. 

Rape oil . 

> Cotton-seed oil 
a Ca»tor (pi . 
Sperm oil . 

Tallow 

Lard . •« 
•Japan wax 


At x 5 . 5 ° C. (6o° F.) 

. . 915-0 

• . % 2$.0 


At |p° l*. 122^ F.) 
895*0 

At 40 0 C. (io* c F.) 
898.5 

At 6o° t. (140° F.) 
001.8 


wateaat 15.5° C.(6o° F.) 

• • 

£»8°-99° C. (2o8.4°-2taa° F.) 

863.2 

872.5 
9096 

830.3 
98° c. 

... . _ 862.6 

860.8 

875.5 


The densities of flic fluid oils can be compared with those of a more solid 
<9iar§cter by taking thj density of the latter at a temperature at which they 
are liquid, apd again'at the boiling point of water. 

The»oensities of solid iats or waxes may also be determined by dropping 
small fragments *or globules (obtained by allowing small particles of the 
melted material to cool very slowly) into dilute alcohol at a temperature of 
15.5° 0 . (6o° F.), the strength of which ft so adjusted that the globules 
remain in equilibrium in arty'part of the liquid. The density of the fat is 
determined by taking that of the liquid. The samples of solid fat«liould be 
deprivod of any water or suspended matter they may contain, by keeping 
them melted for a short time at as low a temperature as possible, and . 
liltering through dry piper* ' * * 

The estimation of thi- sp. gr. of the fatty acids obtained by the sapo¬ 
nification of samples of the fat under examination is of great assistance in 
determining the nature of tne fat, the difference in the sp. gr. of the fatty 
acids being frequently of a more definite character than that of the fats from 
which they have been obtained. # 

The following table shows* the sp. gr. of a series of oils, and also of 
their fatty acids as determined by Allen, water at 15.5“ C. (6cf F.) being 
represented by 1000. 


J»_*- 

t . .. ... 

Oils. 

* Fatty Acids. 


At 15 . 5 0 C. 
( 60 " F.) 

oHhaagc. 

(jJr-Zt&m?.) 

.' 5 . 5 ° c. 

93 °“ 2<) 0 C. 

Olive oil ... 

Rape oil. . •* 

Linseed oil .• 
Cotton-Seed oil 

Arachis oil . \ 

Castor oil 

914-917 
915.0 
015.0 
925.0 * 

• 922 T. 

. 90?,5 

863.2 

8 S 0.9 

872.5 

8 f> 7 - 8 * 

909.6 

solid • 
solid « 

523-3 

solid 

solid 

930.9 

849 b 

845.8 

861.2 

846.7 

846 .O 

896 .O 


Melting*and Solidifying Poi»t%—The melting points of the solid 
fats, as pointed out by Dully, viyv to some extent with age, the ajnount 
of free acid they contain, a#d the circumstances under which they are 
submitted to’tlie inguence of heat. If a fat be subjected for any length of 
time to *a deg*ee cf heat c#nsiderabljfcabove *its melting point and then 
allowed to cool? the temperatur^atwhich it again assumes aliquidt gjyjjto a» 
\vili be appreciably lower than wftuld otherwise be tfce case." 111 jf'Keliiod very 
generally adopted for ascertaining what is termed commercially the melting 
point, but which is, more correctly speaking, the solidifying point of fats, is 
to put the melted sampte into a warm beaker, or test tube,*and stir the con¬ 
tents slowly with a thermometer (previously warmed), taking care that The 
bulb of the thermqnqpler is completely immersed in the melted Sat. When 
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the fat begins to solely, the thermometer, is closely watphed until it cease# 
to rise, and remains stationary for one or two minutes, when the tempei&ttire 
observed is registered as the melting point of the fat, or wak* Sometimes a 
mean is struck between tjie temperature at which the fat begins to melt qpd 
its solidifying point, the figure thys obtained being taken as ^hb melting 
point. , • *. , * 

Great accui’acy could scarcely be expected from a method which requires 
some experience to obtain a constant number, and it is not surprising that 
the results obtained by different* observers exhibit an appreciable variation, t 
often amounting to morb than i F. * . 

A rapid and more satisfactory method of ascertaining the melting poiqj 
rf fats and waxes fo» commercial purposes is totoelt a sample in a test tube, 
md pour out the mass, "leaving only, a thin film covering the J'ower portion 
of the tube. The tube when cold is placed in a vessel of water, the tefn- 
porature of which is some degrees below the melting point of the fat. The 
water is then very gently heated* with constant stirrSig, and ;is soon ai tho 
fat begins to run down the sides of tho tube, tho temperature is noted, and 
taken asr that of the melting point of tho fat. If the fat oiwax is * mixture 
of several kinds, having different melting points, tho temperature at which 
it is completely melted, as well is that at which it begins to run, is noted. 
This method has the advantage ofvdlowing severalsamples to bo examined 
it the sapie time, and under precisely similar circumstances, each test tube 
Ming removod from the bath as soon as tho fat begin* to melt. Tho results 
obtained in this manner whei* com paring two samples of fat, are so sharply 
leaned that no doubt can arise as to wjiich of tho samples lias tho higher 
uelting point. 

ltudorff covers a thermometer bulb with a layer of the fait and immerses 
t in water, which is very gradually warmed, and the point at which tho fat 
caves the bulb and begins to ascend through the water is noted. 

The following is stated by Allen to yield very satisfactory results. The 
mbstance is melted at a temperature slighjtly 1 above its fusing point, and 
vhilst in a molten condition is drawn up into a very narrow glass tube 
’made by drawing out one end of a piece of ordinary quill tubing), in which 
.t is allowed to solidify spontaneously. After .an interval of not less tluyi an 
aour, the tube (open at both ends) is attached by moans ofa cork, or of an 
ijidia-rubber ring, to tlie stem of a thermometer in sucli a manner that the 
part of -the tube containing ij^sflbstanco the melting point of which is to 
be ascertained, shall bo at the same level as, and in close proximity to, the 
bulb. ‘The thermometer, with the tube attached to it, is then immersed in 
water, tfhich is gradually heated (at a rate not exceeding 0.5° 0. per minute) 
until fusion of the contents of tho capillary tube takes ‘plo/ia, when the , 
temperature is recorded. I^lje source of* heat is they, removed, and the 
temperature at which' the fat resolidifies*is observed. In cases in which the 
melting and solidifying are not notably di(j£ront,'it is not unusual to record 
the mean of the two observations as tjfie,real melting point. It? is advisable 
to immerse the beaker of water containing the' thermometer in an feuter 
vesseralso filled with water, and to apply \Tie jounce of heat to the latte* 

Bensemann,* in taking tho melting point of fatty acids, places a drop of 
the previously fused material in the wide portion of a tube drawn‘out very 
(me at one end. Thittube is then placed in a beaker of water which is very 
3WwIy'tffif@(e6*«»»til the,fatty acids begin te flow down the sides of the t^be,* 
when the temperature is observed. This is termed the initial point of fusion. 
Thq heating is continued until the last tra<* of turbidity disappears, when 
the temperature is again noted, the latter being termed tho concluding point 
of iusion. He states that the two points art easily .distinguishable, and that 
there is frequently, a difference of 3 °-* 4 ° C. between tliepi. With fats, the 
• * • “Jour. Sac. Chem. Ind..” iv. m fi88cl. 
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‘■including point of fusion is hsg dearly marked than is the case wttn fatty 
;ids„ an d in eiamining the former he considers that the initial point only 
e^cLl^ registered. , * • 

The determmatita of the melting point of fatty acids is in many cases of 
nportant-service in detecting the presence of the oils from which they have 
een derived, 'fhe melting point of the fatty acids from cotton-seed oil, for 
xataple, serves to "point out a marked distinction between this oil and 
ov’eral of the other vegetable oils which are liquid at ordinary temperatures, 
a jvfUlje ■seen by the following table. * 

Melting point oftht fatty acids obtained from the under-mentioned oils as 
determined by Hiibl. 


Nature of Oil. 

Cent. 

• 

Fah. 

Castor oil . • 

. . • 13 0" 

... 

554 ° 

Linseed oil 

. . 170° 

... 

62.6 

Hempseed oil 

. . "19.0° 


66,2° 

Jilape * . 

. . 2C#l“ 


68.2° 

"Poppy oil . 

Olive oil . . 

. . 20-5” 

. . 2£.o” 


68.9° 

78.8° 

Cot!ton-s>eed oil . 

37 - 7 ° 


99.8° 


For taking the melting point of fatty acids, Archbutt considers the 
method desi ribed by Bach, t*> be the most satisfactory. This consists, in 
introducing some of the fatty acids into.a narrow test tube, anjj allowing 
them to solidify. Heat is then gradually applied by means of a water bath, 
and the temperature noted at which the liquM fatty acids become perfectly 
transparent. The melted acids are J;hen allowed to cool, and the temperature* 
noted at which a cloud begins '. 3 form. , 

Viscosity.—This is determined by ascertaining the time occupied by a 
known weight or measure r 1 ' oil in passing through an orifice of a definite 
s.ze at a known temperature, and under a uniform pressure, as compared 
with a given standard, for which rape oil is sometimes taken, but more 
commonly water, or glvcerit. .This test applies more particularly to lubri¬ 
cating oils and is fully described under the head of Petroleum Utfs. 

Acidity._The determination of the amount of acidity in oils, is a 

Question of great importance, inasmuch as, when used for lubricating 
purposes, it cauSes them to acf rapidly ou metals, a»d when used tor burning 
in lamps, it promotes the charring of the wick. Arehbutt considers that iyi 
olive oil containing more than about 4 pe*cgjj|. of free fatty acids cannot he 
regarded as suitable for lamps. Acidity in a.sample of oil ma/ m sotuc 
oases arise from the oil not having been sufficiently wasned from tUimnered 
acid (sulphuric or liyditehloric) used in the process o^rehmnp;; thi* may be 
ascertained hy agitating the «:1 with warm water, separating the latter and 
testing it with a solution of methyl orange, wjjicli will produce an orange 01 
red coloration if any mineral* acfd be present, ihe acidity due to th 
presence of free fatty acids, arisihg from the decomposition of the oil by the 
action of the air, or from other caqsej, producing what is termed rancidity 
camftt be estimated in this way, since the fatty acids of the uxed oils are fo 
thm most part insoluble yi watefc Sample of oil were formerly tested foi 
acidity by observing the action they exerted on brass, or copper.turnings, am 
no suUful attempt appears to hive been ymde to determine the actua 
amount of swell acidity prior to ^81, when Hausmann showed_tb 


* pr^tfrabi'utycf'estimatiiig &eelatty acids in an a 
K ill, presence of glycerides. In estimating this acidity, a wea. 
alcoholic solution of phenolpbflhalein is employed as indicator, any free am 
that this solution might contain having been previously jieutrahsed by tb 
addition of a few drops 8 f a solution of caustic h^'-until ^ ^ 
was produced About five or sik gAms of the oil or fat to # be tested 
introduced into a* 'flask, or beaker, with about 50 c.c. o^strong tucohol an 
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leated to boiling for a few minutes in a t water bath, iietore -pouring th# 
lcohol on t8 the oil or fat, a few drops of the phenolpbthalein sojution ■ 
hould be added to the alcohol, and the liquid made of faintlytppfple 
olour (if not so already) by a drop or two of standard ablation of alkali. ,I£ 
he oil, contains free aciS, the colour disappears at once, and semi-normal 
olution of caustic potash is slowly added with continual,rot'.tion of the 
lask, or beaker, until the purple colour is restored. This purple tintbvill 
iot remain for any length of time, gradually disappearing, owing to Sihe 
ction of the excess, of alkali 6n tbo glycerides. It is necessary fhtfc the 
itration should bo carefully fciade on account of,tlje high combining 
quivaletits of tho fatty acids; the mean of the equivalents of palmitir acjd 
256), stearic acid (2^4), and oleic acid (282), being 274, pr about five tirnqj the 
quivalent of potash (KOII). In prdcr to avoid tho trouble and lakrar 
evolved, in calculating the total amount of fatty acid existing as sufcb, 
>r contained in the fat united , with glycerol, from the saponifies, tioji 
quivakmt, this is generally represented by the amount of caustic pbtash 
KOII) required to neutralise it, which is equally useful and enables a moro 
lirec.t comparison to he made between tho results arrival at by* different 
ibservers, and also between fats consisting of different fatty acids. The potash 
mmbers obtained maybe readilytconvcrted into those which represent fatty 
aids with tolerable accuracy, by. multiplying, by a factor, obtained by 
ividing tho combining equivalents of the fatty acids by that of potash. In 
he case *of tallow which consists of tho glycerides of palmitic, stearic, and 
leie acids, this factor is represented by tho figure 5, and iq tho case of rape 
il,|lio combining equivalent of the fatty fields,of which is exceptionally high, 
he factor would be larger. If soda be the alkali employed in the saponifi- 
sition of tlie fats, tho numbers arrived at can easily bo converted into terms 
if KOII so as to secure uniformity in comparing tho results of different 
xperiments. 

The following table shows the amount of free fatty acids generally found 
n commercial oils and fats*. including some determinations in samples in 
vhich the qcidity was exceptionally high. 


Nature of Oil or Fat. 

► 

il 

n * 

»|| 

Percentage of IvOl^ 
mju.red Jlor neutral¬ 
ising free latty acid. 

Free Fatty 
Acid. 

Per cent. 

l 

Observer. 

Miixg 

Mm. 

Mean. 

Tallow, Russian . 

II * 

2.44 

0-43 

1.23 

6.15 

Deering 

,, * •Australian 

36 . 

(Fatty acids ranged from) 

1.2-4.7 

Tate 

„ • ♦ beet ., 

4 

1.77 

0-35 

0.89 

4*45 

Deering 

„ ,, mutton 

5 

1.43 

O.I l 

0.78 

3-90 


,, Town 

2 

1.38 

0.91 

1.14 

,5.70. 


„ „ (6 yrs. old) 

I 

t«— 



25.00 


Rape-seed oil 

9 

i- 3 i 

0.21 

o.*56 

3.20 

„ 

* 

49 

5-5 

1-7 


2-95 

Archbutt 

Linseed oil 

5 

0*32 

0.15 

*0.24 

1.30 

Deerkig 

„ „ boiled 

2 

i -59 

<* 9 S' 

1.20 

• 65 

,, 

Cotton-seed oil 

3 

O.I4 

0.03 

,0.10 

■5 


Olive oil, Lucca . 

3 

0162 

0.58 

o.6j 

• 3-2 

>» 


I 

— 

—r 

4.21 

20.2 „ 


„ Seville* 

32 

10.0 

>■ 5 ' 


4.4 

A^:hbutt« 

„ Malaga .• 

35 

25. r 

*2.0 

- * 

6.7 


„ uioja 1 . 

19 
• 12 

25.2 

0.9 

4.1 

• 

10.9 

V 

„ Messina 

28 

l6.6 

0.5 

— 

9.1 

*» 


Most of the above samples were taken from bull? representing very large 

.elft’eries. . * 

9 • * Free fatty acid» calculated as oleic acia.^, # ^ 
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• Saponification. —Amount of required for complete saponification 
of the .oil c*fat.*' the determination of the total amount of potash required 
conveniently made at the same time as the estimation of aciclity, in 
ntmuation of th# process already described, the operation being carried out 
. a flask. After neutralising the free sacid present, the semi-normal (N/,) 
coholic solution, of potash is added in considerable excess,. 50 c.c. being 
m Info the flask, to which is attached a reflux condenser; the alcoholic 
juft is then boiled for an hour by means > t.a water bath, and the excoss of 
itaglf used, beyond that required for th£ saponification of the fat, is 
icertained, hy titrating k*k with normal sulphuric acid. The percentage 
: polish required for the* complete saponification of various oils, and fats, 
fs bfeu determined by a nuifiber of chemists, the result! obtained agreeing 
1 Most cases pretty closely. Archbuti has f.iuniT as the result of the 
satnination of about* 300 samples of olive oil that the potash number for 
jjs oil varies from about iS.S to 19.2 jier cent., and that in tho case of raj>e 
il ficfln the examination of upwards of 50 sifmples that it varies from about 
7.0 to ij.fi per cent. The samples examined represented large deliveries of 
il selections genuine, and received at different seasons of the year. The 
umbers given toi cotton-seed oil vary from 19.1 to 19.6 per cont. and for 
inseed oil from 18.7 to 19,5 per cent. • 

By the sap onification of a sample of o'il or fat, off a considerably larger 
calc, than 1 i; .1 above described, followed by distilling off the alcohol and 
issolviug the soap formed in water, admixture with mineral oil may be 
otected, and tho amount of tho adulterant climated, by determining the 
juantity of oil unacted upon.lijatho alkali. The refining of petroleum oils»is 
iow carried out to «ueh perfection, that they are not only completely 
‘debloomed,” but they an also in some cases dejirivod of the characteristic 
idour and flavour by which 'he ordinary refined oils are capable of being 
•eadily distinguished. 

By the saponification of neutral fats, the fatty acids which they contain 
lan be isolated and examine*, ajid these in mifiuy cases exhibit points of 
iifference of a more marked character than the fats from which they have 
been obtained. The amount of glycerol which the neutral fat yields on 
decomposition, can also be determined if necessary. The determination of 
glyceiol is a matter of some little difficulty on accouift of the volatility of a 
concentrated solution at the temperature of boiling wffter, although Hohner J 
has shown that a 50 per cent, solution kejit tt temperature for twp hours 
scarcely sustains any loss in weight. Various methods have at diflprent 
times ber proposed for the determination of glycerol. Of these it*Jrill be 
suflicient to mention three: The permanganate method originally proposed 
by Fox and .Wtmklyu, and ;ubs«juently modified by Benedikt and 
Zsigii"’iiili, which depends rti the Oxidation of 41 *o glycerol to oxalic acid in 
an alkaline solution, by m iqs of potassium or souium permanganate. This 
methed was abandoned by Beneditj; in favouf of the acetin process, devised 
by Benedikt atid Cantor, which depend* on the conversion of the glycerol 
into triacoUn, uy subjecting it to tho action of acetic anhydride .The 
prodip:t of the reaction is dicsotyea *n a small quantity of warm water, the 
solution cool' d* and the free acetic acid, in the cold liquid is neutralised by a 
weak solution of caustic soda (%-3 per coi^.); the»triacetin is then saponified 
by boiling the sotetion for ten miryites with a standard ic per cent, wllltins— 
of caustic ) ia,»the excess of alkffli added being titijited bttffrwiEEiiormal 
acid. Lastly the dichromalo method as devised by Hehner,* which consists 
in quantitatively oxidising the glycerol to carbonic acid by treatment with 
a standard solution of pofa.-sium dichromate and sulphuric*acid, the exact 
oxidising value of which has been* previously ascertained. ’About 3 grains 

•»‘‘Jour. Soc. Ohcm. Iud.,'"viii. p. 7 [1889J. • * 
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of the fut iu which the glycerol is to be determined ^.ponified in tlfe 
usual manner, with alcoholic solution of potash; the resulting alcoholic soap 
solution is diluted to about 200 c.c., and the soap Recomposed »by -the • 
addition of sulphuric acid. The fatty acids are filtered off, and the filtrate ’ 
containing the glycerol and washings (amounting to about .J'oo' c.c.) is 
vigorously boiled down in a covered beaker to one-ljalf its Bulk, ^nd the* 
glycerol determined volumetrically by adding sulphuric acid and standardised 
solution of dichromate. , . , , 

It is of course obvious that, g U ch a method cannot give accurate results, 
unless the glycerol is free from impurities capable of *bathg oxidised by the 
potassium dichromate. I ^ 

The quantity of* glycerol usually contained in oils- and fats is shoWn by 
the following numbers:— • , , * 


Nature of Fat or Oil. Glycerol, per cent. Observer. 

Olive oil . . • • 10.26 ... 1 Hehner * 

„ ... 10.1-11.4 ... *J 3 unedikt,& Zsigmondi 

Tallow . . . 9.9-10.0 ... „ . „ 

* Cocoa-nut oil . 13.3-14.5 ... t, • „ 

Linseed oil . . . 9.4-10.0 .. „ „ 

„ * • t, 10.24 ... Hehner 

„ .... 9-39 Allen 

Castor oil . . . 9.13 "... „ 

. Northern whale oil . • 11.96 ... ,, 

Japan wax . . . 11.6-14.7 ... » „ 

„ -. 10.3-11.2 ... Bonedikt & Zsigmondi 

Myrtle wax . . >3 36 ... Allen 


The amount of glycerol recoverable by soap manufacturers is stated to be 
not more than 7-8 per cent. 

Maumenfe’s Temperature Reaction is based upon the rise of tem¬ 
perature which takes place when an oil is mixed with concentrated sulphuric 
acid. The most approved method of carrying, out this test is to weigh out 
50 grams of tho oil into a fall beaker of about 7 07 ,s. capacity, which is then 
immersed 1 in water (say at aliout i5°-2o” C.; 6o"-68“ F.) until the oil has 
acquired the same temperature, when the beaker is taken out, wiped dry, 
and dropped into a nest of cotton-wool, previously prepare^ for it, in * wider 
beaker or other receptacle. A reading of the thermometer immersed in the 
"oil having been takeff, 10 c.c. oiRulphuric acid of a sp. gr. of 1.844, contain¬ 
ing not less than 971 per ortft. of real acid ( 11 , 80 ,), and of the same tem- 
perateire, is allowed slowly to run into tiie oil, the time occupied being about 
one nynute. < The mixture? is well stirred all the ti;ue with the thermometer, 
so as to incorporate the oil and acid as perfectly as possible during the 
addition of the acid, and subsequently’, so long as the tempofattu-e continues 
to rise, the highest point reached being noted. 

In order to obtain unform results, it if essential that the mode of operat¬ 
ing should be strictly adhered.to in every particular, slight deviations which 
might be regarded as of no importance having been found to give, rise tc 
notable-differences in tbe results. It inadvisable in carrying out a number 
of experiments, to include iff the series a*, otl known to las genuirib, and 
capable of being used as a standard for comparison with others 0/ unknown 
quality. , * * • • * 

—— Jibe follo wing determinations show the rise of temperature that may Jjt 
expected to take place*— * * • 
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IHsewf Temperatuvt in degrees Centigrade, 


Nature of OIL 

Olive oil . • . 

• 

»> 


4 °'- 45 ° 

Observer. 

Archbutt 

. 

42° 

t Maumenl 

Coii#n-seed oil, refined 

4 i°- 43 ° . ... 

74-75 

Allen 

„ ,» * ■ 


77 ° 

Baynes * 

l» *> • 


67 - 75 ' 

Maumene 

, Niger-seed oil . 


8i-S2 j .... 

Allen 

|, 


81° 

( > | * 


82* *... 

Baynes 

Lmseeu oil 

* 

103° 

Maumcn6 

Rape, oil . 


104"-in" 

Allen 


57 “- 5 S° 

Maumene 



5 »°- 6 =" . - 

*Archbutt 

»» • • • 


5ff-r>n j 

Allen 

„ 


54 ”- 6 o' 

Dobb 

Lard oil . ^ 


41° .... 

Allen 

Tallgwf oil . * . 


4 i°- 44 ° 

MaumenS 

Jlempseod oil . 


98' 


Afachis nif 


67” 


Sesame oil 


68 3 


Waiaut oil 


IO]“ 


Popp} seed oil . 


86"-88° *... 

• 


It is obvioua ! rom tho abovo determinatiops, that the difference jp the 
jdse of temperature observed with several of the above-mentioned oils is 
sufficiently wide to afford valuable information intthe examination of mixed 
oils. a i • 

Exposure of olivo oil to sunlight ,vas stated by Moschini many years ago 
to interfere with this test, a" regards this particular oil. Archbutt has 
made some valuable remarks reg-rding this test in his paper on oils pub¬ 
lished in “ Tho Journal of the Society of Chemical Industry,” vol. v. p. 303 
[1886 1 . 

Eialdin Reaction.—This fest. was applied by Poutet so far back as 
1819, for the detection of adultoiation in olivo oil, and is based upon the 
fact that oloin, when subjected to the action of nitrous acid gas, is converted 
into elaiffin, an isomeric modification, solid at tho ordinary temperature. The 
reagent ^employed Sepends on tho power possessed by a solution of mer¬ 
curous nitrate in nitric acid, of retaining nitrous acid, and is prepared 
by dissolving 0 parts by weight of mercury i* 7^ parts of nitric acid, sp. gr. 
1.35, without application of heat. Olio part by wdlght*of this solution is 
shaken up wi + h 12 parts of the oil, and the agitation repeated everyften 
•minutes for two hours ; the* bottle containing tho mixture is then put in a 
cool place for tjvejity-four hours, wb n the consistency of tho mass is noted, 

1 and found to be in tho ease of»genui»e olive oil iuyd and solid. Boudet in 
1832 showed that the active principle of this reagent was nitrous acid. The 
solution, " ben freshly made, is%luiaB green, but rapidly undergoes changes 
that .destroy its iiotivity. But little ajjpgars to liavo been done as regards 
the application of h.is test until quite recently, whon the subject was inves¬ 
tigated Jpy ArchbuU, who founjl tljatlfy employing nitric acid of 1.42 sp. gr. 
a reagent could bf btajjied which could be kept for several days, and yielded 
more constant resu^s, It is prepared by Elisgolving 4 c.c. of mercury in 12 c.c. 

, of celd nitric acids Of this green solution, 2 c.c. are shaken up in a wide- 
fhoftth stoppe 1 'xittle with 50 c.c. of the oil to be tested, the mAture biffing 
agitated every ton minutes for two hours, or until solidification takes place. 
The bottle containing the mixture is set aside for sixteen hours, when the 
‘Tiardness of the elaidin is tasted by pressure with a glass rod» A genuine 
oir oil gives a iemon-colourgd elaicKn of 10 firm a character As to resist the 
pressure of the glass ro^. • Lard oil atfll almond oil also yields hardplaidin, 
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but linseed, hempseecl, walnut, and other drying oils remain iij a more or ^ss 
fluid condition, whilst the intermediate* products yielded* b_v several, other 
description of oil are of various degrees of consistency. . After twdnty-four ' • 
hours at 10° C. (50° FA aracliis, niger-seed, cotton-se6d f ahd sesame hils give 
orange-coloured products, whilst cod-liver oil and menhaden,.oil gitfe red 
products of varying degrees of fluidity. 0 

Bromine and Iodine Absorption. —The suggestion to malPe .use of 
the absorptive powers (jf oils and fats for bromine, as a means of examining 
into their constitution, was ihade more than thirty years ago by (failletet, 
who proposed to employ an dlcoholie solution of bromine and an a&oholte • 

solution of turpentine, the strength of whicli in" terms of the, bromine c 

solution had been determined. An aqueous solution of potash was', ,dd< 9 l to 
the oil, and then an .excess of the bromine solution, the amount of bromine • 
not absorbed being estimated by means of the turpentine solution: Such a 
method was open to very serious objections, arising from the rapid change*, 
which must occur in the alcoholic bromine solution, and from the liabilify of 
the oil to oxidation and bromination; whereas no part of -the absorption * 
should he due to the formation of substitution products. In 188 3, Mills and ■ 
.Snodgrass proposed to employ carbon bisulphide as the common solvent of 
the bromine as well as of the,oil or fat, by which a more permanent solution “ 
of bromine was obtained as well as the further great advantage of securing 
as far as possible the absence of water, and very satisfactory results were 
obtained by (heir method. . 

The oil or fat having been first dried, either by heat or by filtration** 

< through dry paper, was dissolved in the bisulphide so as to make a solution 
of 10 per cent, or somewhat loss strength. 

A definite volume of this solution was then placed in a narrow-mouth 
stoppered bottle of 100 c.c. capacity, and diluted with more bisulphide solution 
to about 50 c.c. A decinormal solution of bromine in carbon bisulphide was 
then run in gradually and in successive portions, with agitation, until the 
colour of free bromine remained permanent for a quarter of an hour, ex¬ 
posing to direct sunlight being carefully avoided. To a similar bottle 
containing 50 c.c. of carbon bisulphide, standard solution of bromine was 
added until the tint in both bottles was the same. The quantity of bromine 
added in this blank experiment is deducted from tlfat required in the 
absorption experiments. 

In order to avoid tho nectfsity of employing such an inconvenient solvent 
as carbon bisulphide, Mills subsequently adopted carbon tetrachloride, by 
Ihe.nse of which a more stable solution of bromine can be obtained. About 
o.icgramof tho oil (previously deprived of every trace of moisture by heat, 
or by filtration through dry paper), is placed in a stoppered bottle of about 
100 c.c. capacity, and dissolved in 50 c.c. of carbon .tetrachloride, previously 1 

dried by calcium chloride. Au approx’mately decinormal solution (8 grams 
per litre) of bromine in dry carbon teiraehl&ride, the strength of which has 
been accurately determined, is then ddded gradually to the solution of oil 
until a, colour is obtai ned lasting ft/fifteen minutes. This is then compared 
wMh a. colour similarly produced lit a blank experiment, and thus the 
amount of bromine actually absorbed % the oil is ascertained! More 
accurate results are obtained by using a considerable excess of bromine, and, 
after the addition of a small quantity of a solution of' potassium iodide and 
""Starch, titrating “each with a standard solution of sodium thiosulphate. * t. 0 

Baron Hiibl prbposed the use of iodine in preference. to broiuine, as 
possessing several advantages. The action of iodine alone is not sufficiently 
energetic, but this was remedied by employing an alcoholic solution of- * 
iodine in conjunction with mercuric chloride. This reagent is prepared by 
dissolving 25 grams of iodine in 500 c.c. of nearly absolute alcohol, free 0 
' • ;jt . ' 
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fjpm fusel oil, and 30 grains of mercuric chloride, in in equal measure of 
the same solvent- The two solutidhs are then mixed, aufl allowed to stand 
for twelve hours. . The solution requires to be standardised immediately 
befofe'using it, Wlych is done by titrating with a decinormal solution of 
sodium thiosulphate. With the unsaturated fatty fteids or their glycerides, 
this sodio-mft-curial chloride solution fortns chlor-iodo additive products, 
.the q\ja«tity assilflilated being given in terms of iodine. For determining 
the amount, of iodine absorption, the quantify of a drying oil recommended 
to be fallen. is from 0.2 to 0.3 gram, from* 0.3 to o.q gram of a non- 
•Irying oil, slid from 0.8 to 1 gram of a solid fat.. Tito oil or fat is dissolved 
in 10 c.c. oi rhtorolTirul, au8 the solution mixed in a stoppered flask with 
2oec.c./if the standard solution of iodo-mercuric chloride and agitated ; more 
chloroform should be a'ddccl if the solution is not clijar. The quantity of 
iodide solution lidded should be such that the liquid still retains a brown 
m colour after standing from three to six hours. Xu order to ensure the full 
amount of absorption, t^e iodine added should bo largely in excess of the 
quantity likely 'to be absorbed, even as much as double this amount may be 
employed? After y lapse o! three to six hours, from 10 to 15 c.c. of a 10 
per cent.-solution of potassium iodide is run in, and after dilution with 
150 c.c. of v ater, the free iodine, which is partly in the aqueous and partly 
in the chlorofoi m solution, is titrated with a solution oftsodium thiosulphate. 
It is neces.su 1 v c make a blnnlc experiment at the same time, in order to 
plit'un the standard value of the iodine solTition. The amount of* iodine 
absorbed is calculated into units per cent, on ti#> fat or oil, and is termed 
the iodine degree. The following qumbers show the relative absorptiv# 
powers of various oils. • 


Nature of <H or Tat. 


Iodine 

itb.vorbod, per cent. 


Mills. 

Iliibl. 

Arclibutt. 

Moore. 

Wilson. 

Olive oil 

S5.0-96.4’ 

84.6-84.5 

82.7-1(3.9 

K.A 4 

78.5-84.0 

ltape seed oil . 

110.4 

07 . 0 - 105.0 

IOO.8-I02.4 

103.6 

100^-102.7 

Linseed oil 

120.8 

1 56.O-I6O.O 

— 

155.2 

>48.5 

Colt,on-seed oil 

79-5 

IO5.O-IO8.O 

105.9 

1118.7 

106.0-1 IO. 1 

iSosame oil . 

75.2 

1*5.oio8.o 

105.9 

102.7 

— 

* Aracuis oil 

73-3 

101.0-105 0 


87.4 

— 

l’oppy-seed oil . 

89.9 

135 0-137.0 

— 

’ > 34 -° 

— 

Cocoa-nut od . 

9.1 

8.9 


S.9 

— 

Niger-seed oil 

— 




■ * 

Lard 

59-3 

57.6 60.0 


61.9 

57.1-&10 

Tallow . , 

• 

40.0 

— 


40 O-4T9 

• 


, * 9 

•The experiments conducted, by iVfills were made with bromine, hut the 
results were calculated by Allen jut* iodine nfimbers by multiplying the 
figure actual]} obtain -d with bromine by ’ H y, so as to facilitate com¬ 
parison with the direct iodine absorptions of other observers. 

It viill he no* iced that the drying'oils, and especially linseed oil, have a 
high iodine degree. »• * 

Cdlour Relictions.—Th*o variety of the colours developed on mixing 
fatty oils'vith different chemical reagents, naturally suggested the idea 
that they might fjjs found suffieifntly charfeteristie to be of service in deter- 
imining.the r-ority of oils, and irf.detecting the present in mixed olis of 
such as migui. nave been employed for purposes of adulteration. With this 
object in view, a series of tests were devised, many years ago, by Calvert, 
and also by Chateau, who instituted a very elaborate series of experiments 
relative to the effects produced by mixing oils with caustic soda and acids oft 
different. strengths. Some of the reactiohs noted, which had reference to 
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the various shades of colour produced, ye no doubt of service in detecting 
adulteratiohs, provided the amount of such adulteraticW is considerable, 
although Jfc would be unreasonable to expect that reactions, which <ire 'liable 
to alterations from so many causes, should be capable "of* affording any trust¬ 
worthy information as to the amount of the adulterant employed, more espe¬ 
cially when in many cases the anafyst is expected to draw his conclusions from 
data that depend on such nice distinctions of tint as flome under thS descrip* 
tion of a dirty yellowish-white and a slight yellow, as well as such fine-drawn 
differences as are,included ih the numerous shades of green afid®brown. 
Moreover, it must be'remembered that the shades, of , colour produced arS 
liable to be greatly modified by the age and' condition of the oil under 
examination, the .proportion of fatty acids it contains, and the dlgre6’ of 
refining to which it has been subjected. ' - 

In comparing results obtained with colour tests, it is essential that the 
method of working should be in every particular precisely the same, and' 
since the tints produced are liable to be altered by very slight cauifes, it is 
advisable for reference to have samples of oils of known purity examined at 
the shine time as those under trial. 

The various colours produced by the action of sulphuric and nitric acids 
of different strengths on oils gre many of them very characteristic, such as 
the violets and dark'reds given by some fish oils. One of the most useful of 
these colour tests (especially f9r olive oil), as well as the easiest of applica¬ 
tion, consists in placing 20 or 30 drops of oil upon a white porcelain plate, and 
(when free from motion) putting in the centre of the oil one or perhaps two 
drops of concentrated sulphuric acid,-taking note of the changes of colour 
that take place within five or ten minutes. 

Olive, rape, cotton-sced, and mustard-seed oils exhibit characteristic 
changes of colour, all of them widely different from those of animal and 
hydrocarbon oils. With respect to the tests in which concentrated sulphuric 
acid is agitated with the oils, the danger of charring may bo guarded against 
by dissolving a drop of the oil in 20 drops-of 'Carbon disulphide and agitating 
with a (Irop of the acid. 

The methods adopted in applying these soveral tastsare extremely varied. 

Zecchini, in using nitric acid, recommends an acid of 1.4 sp. gr. free from 
nitrous acid. Equal measures o f the oil and acid are sliakfen together for half 
a minute, and then-allowed to stand for five or six minutes. 

Hauchcorne’s tost, as extended by Stoddart, consists in agitating in a tost 
tube 3-5 measures < 5 f oit with one of nitric acid, sp. gr. 1.32 ; the mixture is 
heat*d for five minutes by placing the test tube in boiling water. It is then 
taken out, allowed to stand, and the changes of eolbur which take place within ■ 
an hour and a half noted. . • 

Massie agitates 3 mo 4 a£ures of the oil with 1 .measure of colourless 
nitric acid (sp. gr. ^.4) for two minutes. * The colour to bo noted after the 
oil and acid have separated. 

Glassner pours the oil cautiously into an equal measure of red fuming 
nitric acid, observing the colour of the oil, and also that of the zene that 
forms between the oil and acid on stailuing, . 

Eenard has observed that anhydrous stannic chloride produces a violet 
colour with rosin oil. „ , . r • 

Allen employs' stannic bromide in preference to the chloride, the delicacy 
of the test being increased by the presence of free bromine. He prepaierf 
stannic bromide by allowing bromine to fall drop by drop on granulated tin, 
contained in a dry flask immersed in cold* water. The stannic bromide, with 
excess of bromine, is then diluted with 3-4 times its volume of carbon " 
'bisulphide, in which it dissolves. ' 

A few droj^ of the sample of oil ‘are placed in p, dry test tube and dk- 
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scftved in i o.c. of .carbon bisulphide* The bromide reageut is then gradually 
added, when (If rosin oil be present) a violet colour will be produced; the 
colour *n the case’ of .pure rosin oil is so intense as to require dilutioi with 
carbon bisulphide, in order to render the tint perceptible. 

Both'Bdbhe’s test and that of Baudouin are more particularly useful in 
the exaipinati&i of olive oil, and are described as special tests for that oil. 

’ IJphaviour with. Solvents.—The fixed oils are insoluble in water, and 
for the 'mpst part are but little acted on by .cold alcohol, but they dissolve 
/eadily*in boiling alcohol, especially if it be gnliydrctus. ••The glycerides of 
the lower'fatty acids* such n» those contained in cocoa-nut oil and porpoise 
oil as -Hfell as tho glycerides of linoleic acid and reeinoleic acid are those 
which .(re the most easily soluEle in alcohol, castor oil being especially dis¬ 
tinguished by its solubility in that menstruum. The'best solvents for oils 
are ether, chloroform, earbon bisulphide, benzene, glacial acotio acid, oil of 
* turpentine, and light petroleum. As regards the last solvont, castor oil is an 
exceptioi i, being-practioalty insul uble in all pelf oleum products. Tho solvent 
action of glacial acetic acid on oils has been investigated by E. Valenta., The 
oil is mixed*ivith glhcial acetic acid (sp. gr. 1.05G) in eiiual proportions in a 
test tube, and the mixture heatod until a clear solution is obtained, or the 
.mixture begins to boil; a thermometer is then insertgl and tho test tube 
removed from the sourco of ho&tvmd allowed to cool slowly, tho temperature 
being recorded at which tlio solution becomes turbid. This reaction hi*s been 
Studied by many chemists who have generally worked on quantities varying 
from 3 c.c. to 5 c.e., and the turbidity temperature is usually regarded as a 
valuable test in the examination of oils. The results obtained, however, are 
not quite so constant as is desu-able. The turbidity temperature appears to 
be influenced by various causes, "uch as tho amount of free fatty acid con¬ 
tained in the oil. The presonc. ot moisture increases the temperature at 
which the oil becomes turbid, and appears to interfere with the solution of 
rape oil. Tho subject, however, appears to require further investigation 
before this test can be completely relied upon for distinguishing between the 
various oils ordinarily employed tor illuminating purposes, as even in dupli¬ 
cate experiments with the same sample of oil considerable variations in the 
results obtained noj unfrequently,oecur. This solvent may, however, be of 
service'll special cases, such as that mentioned by Valenta, who proposed to 
employ glacial acetic acid at 50“ 0. (122° F.) for the separation of mineral 
from rosin oil, the former being hut sparing]^ and the latter readily, soluble 
in the acid. . 

Cohesioi Figures of Oils.—111 some special*cases it is useful to*note 
' the figures produced when a drop of oil is allowed to fall gerftly on* the 
surface of still vatfer contained in a fiat porcelain dish of sufficient dimen¬ 
sions. Tho oil first slowly spreads <^or tho surfaqp of the water, forming a 
disc which subsequentlycontraqts, offing to the cohesion between the particles 
of oil; diherent oih producing characteristic figures in about 30 or 60 seconds. 
The changes thftt take place are of suclj 1* delicate naturo, that the observer 
requires*aii experienced eye in order to be able to derive from them any 
information that is likely to bj> of.seAuco in enabling him to distinguish the 
several constitute s of a mixed oil. 

Absorption Spectra of Oilg,—In soqje cases gnuch useful information 
may be gained by observing the absorption spectra of *pils, inasmuch as 
•Sinftnal oils <1 1 a* give any definite absorption bands, whilst in the case of 

many vegetable oils (due to the chlorophyll they contain) these bands are 
frequently well marked; this testis therefore of service in detecting the 
"presence of olive, rape, or burred oil, when mixed with sperm or lard oil. 
If the vegetable oils are highly rofindd, or have been long exposed to sunlight, * 
their power of producing absorption blinds is seriously diminished. 
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Exposure to'Air. —The relative tendency of ah oii to solidify, % 
absorptioif of oxygen from the air, may be determined by exposing thin films 
of the oil on glass, sized paper, or porcelain, in the salh^ manner as fiat long 
been adopted by varnisft makers in testing linseed oil, the quality, of which 
is of the greatest importance in the manufacture of varnishes. 'This tendency 
to harden mfty be promoted by raising the temperature bf too air; . After 
exposure for from twelve to twenty-four hours, olive oil will remaimfluid, 
rape oil will have become a little thicker, cotton-seed oil will have alt wed. to A 
still greater extent, whilst lintoed oil (which is the typo of a good clryifig oil 1 ) 
will have formed a more or less solid coating.. As'regards other tests that 
have been proposed, the two following claim, attention :— * 

The rotatory power exhibited by certain oils when a ray of polarisqd light 
is passed through them may be token advantage of, for the'detection of the 
presence of oils that are capable of exerting this influence, such ns rosin oil,, 
for example. , , . , 

The action of sulphur chloride on oils lias recently been investigated by 
several chemists, with the view of employing tho chloride, R,Ch; in testing 
oils, and the results of a series of experiments have been published,* but the 
reactions require to be more thoroughly examined before they can be relied 
upon, ns affording trustworthy evidence of the constitution of a mixed oil. • 

VEGETABLE PATS AND, OILS. 

^ * 

The vegetable fats are most abundant in the seeds and fruits of plants, 

and of these the most important amongst r thoso used for illuminating pur¬ 
poses is the oil derived from rape-seed. 

Rape-soed Oil, or Colza Oil.—This oil is obtained from several species of 
the genus Brassica, belonging to the natural order Crucifers', the seeds of a 
great number of varieties of which, both cultivated and uncultivated, are 
crushed for oil. Jirasaim compestria is hugely grown in France and 
Germany for this purpose, as well as in cither parts of the world. The seed 
is of a ruddy brown, and known in Germany as Kohlsnnt (colza). Jl. cmnjiea- 
tris, var. rajma (rape), yields a blue-black seed, and that of cnnijirsfris, var. 
rapes (riibsen), is nearly black. These sow jral species arp distinguished from 
each other by slight ‘differences iu tho radiclo leaves, and in the form of in¬ 
florescence; they are further subdivided into summer and winter, n,s well as 
annual and biennial plants;‘these several varieties gradually merge into 
each other, the oil yielded by all of them being practically the same. The 
culture is citrriod on in ltussia, and extends eastwards from the valley of the 
Danube, through -Persia, to various districts in India, whero large quantities^ 
of some of the finest seed are grown, as well as much of inferior qualify. 
Tho finest Indian seed it:'bright yellow, and'yields'as largo a percentage of ' 
oil as any European seed. The Black,idea seed is well known as being of 
inferior quality, as is also that called f‘ Ravison,” which is the pvodueo of an 
uncultivated plant of Continental.growth, large quantities of which are 
imported into this country. More a,{.Jention is paid by tho crushers to the 
district in which the seed fs grown, than, to the precise species of the plant 
from which it is obtained. The seed from different p'aces varies considerably 
in colour, as wel^as in its general appeaw.nce, so that-frum these character¬ 
istics any one in. the trade can judge pretty accurately of Sts quality, and forq» • 
a tolerably correct estimate of the amount of oil it will yield. The English, 
French, and Belgian seed yieldsfrom 165 to 170 lbs. per quufHer of 424 lbs., 
or from 38 to 40 per cent., of a greenish coloured oil. The cake left aftep, 
pressing outHhe oil has also a greenish tinge, ahd is of a much less pungent 
and irritating character than the cake from a low class of seed; so much so, 

, t • “Jour. 80c. Ciiem. Ind.” v. 55a [j&o], t. 
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tlht it constitutes a valuable food for cattle, whilst cake made from inferior 
seed is generally used for manure. Of the Indian seed there are several 
well-Jjaown varieties, .the finest being the yellow Guzerat (which is fhrgely 
crushed at Dantzichs well as in this country), the yallow Cawnpore, and the 
yellow Sbufhpeane, yielding from 35 to j8 per cent, of oil. The next in 
quality jtre tliS Madras, brown Calcutta, and brown Cawnpore., The yield of 
"a verv fair quality of Indian seed may be tal on as being from 140 to 150 lbs. 

*if oiT peu quarter of 416 lbs., equivalent to (rom 33 to 36 per cent., whilst 
'he'yield of uncultivated seed, such as “ Itavijon,” could not be estimated at 
tore than from 20 to 93 pc* cent. 

# Th^imports of seed into this country amounted, in 1882, to 548,806 qrs., 
Tull being one of tho chief centres of the trade. 

Within tho kist ten ot twelve years grad- improvonfents have been made 
11 the machinery employed for expiessing the oil. The system of wedges 
nd stampers, which lias been in use for so many years in this country for 
messing tiie ground seed enclosed in horselfair bags, was introduced into 
ingland skywards tho close of tho eighteenth century by tho hutch, pnd is 
tatod to b> still Jli use in some parts of Holland, on Very much tho same 
Jnos as is represented in a well known pictivo of David Teniers bearing tho 
late of 1633. About the year 1845 attempt* were nu^le to apply Bramah’s 
crew press to 1 his purpose ; buff tho results wero not satisfactory, since it 
pas found that a steady increase of pressure was not so effective in extracting 
,he oil as when tho pressure was applied in successive impulses. By tho 
knglo-American system, introduced a few year? ago, the largo heavy edge 
tones for grinding tho seqd •were* superseded by metal rolls, and the 
tampers and wedges by hydraulic presses, whereby a very considerable saving 
vas effected as regards tu< mount of power necessary for driving the 
nacliinery as well as in tho labour required, the meal being prepared for the 
tress by moulding it into cakes mechanically, instead of by hand, as had 
01 1 airly been the custom, l^tho cakes are moulded by baud instead of by 
he moulding machine they nro •enclosed in a ‘’horsehair case,” or a wood 
ir paper “envelope"’ (Figs. 9 and 10, p. 26). • 

Tho extraction of the oil is also more completely accomplished, tho oil 
eft in # tho cake being now not m*>ro than about 6 per cent, instead of 8 or 9 
per cent., as was usual under tho old system. * 

Tho seed cleansed from foreign matters by screening, passes at once to a • 
series of chilled cast-iron rolls, generally tft’o in ^number, set ono^ above 
the other in a frame having their axes in u vertical plane, and a width 
of 3 ft. 6 ii. * (Fig. 3, p. 2^4). Tho rolls run in bearings, free to slide In the 
vertical frames, the effect produced by tho upper rolls being increased by a 
spring pressure scrow. The robs art? fed from a hopper by means of a 
grooved roller, and the seed is crashed by the*aomparatively light pressure 
which b, ••eocivcs in passing bftwe?p the first and second rolls. The crushed 
seod is i hen directed by means of an iron plate between the Recond and third 
rolls, where it Undergoes increased pasture arising from the weight of the 
two upfier roils. This pressure is (^mtinually increased as it passes between 
each succeeding pair, so that*finally the meal i* as perfectly ground as it was 
formerly by old sjjstem of edge stofles. From the rolls the moa .1 passes 
through a "disintegrator that heeaks up J,he ground mass, into a jacketed 
vessel heated by Steam, and provided with revolving arm* for tho purpose of 
keeping tie. contents in constant* motion, termed a, kettle, Fig. 4. This 
vessel, which*has a depth of 20 in. and an internal diameter of 3 ft. 6 in. 
is made of cast-iron, surrounded T)y a wooden frame covered with felt, and 
enclosed in iron sheeting. • In this kettle the meal, which mkept constantly 

• Tho machir.ery described is that mauufucturdll by Messrs. Rose, Downs & Thompson, of 
Hull, who have kiudiv suertiiod the ents. 
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Steam Kettle and Moulding Machine. 
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stftred, is heated to a temperature of 7 o°- 8 o° C. (\6o’^i&o° F.), to 
facilitate the extraction of the oil. It is also supplied by means of a pipe 
with h ismall quantity of steam direct for the purpose of moistening the 
meal, so as to bring tt into a suitable condition for pressing into cakes. The 
meal is withdrawn from the bottom of the Ifettle in a measuring box capable 
of holdigg suttciept for one cake, and placed in the moulding machine 
(Fig. /), which consists of two parts, a moulding and pressing arrangement, 
this 'machine the moist hot meal is wrapped in bagging, moulded into 
subjected to gentle pressure, so as to reduce tire thickness of the 
cake to 1| inches, Isit mot sufficient to extract, any oil. The cakes thus 



Cross section of solid cast malleable or.wrougli 
# iron Press piate. 


la i. 8.* 



• Cross section of compound wrought and cast 
„ realisable l*ress plate. 

formed are then placed for Vhe purpose of extracting the oil between the 
corrugated .malleable i*pn plates, Figs. 6, y and 8, of the hydraulic press, Fig. 5, 
where they are subjected for about twenty liiinutes-^-first to a limited pressure 
^of 2 lbs. per square inch of ram, increasing until it reaches if-2 tons per 
square inch. Fach press will hold fibout sixteen cakes*, which is more than 
double the qiikntity that would be^ the case if the cakes were, as formerly, 
m hand-made, without being compressed in the moulding machine. 

When the pressure is withdraw^ the cakes are taken out, stfipped of their 
woollen coverings and placwl in a paping jnachine, Fig. 11 (p. 26), by which 
they ye cut to shape jiiyl their loose edges trimmed ofl ; these parings, which. 
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contain a considerable amount of oil, are subsequently ground under a snfkll 
pair of belt-driven edge stones provided with two carte plates,the higher one 
being^erforated so as to allow the ground material to jiass through -as sooh 


Fig. 9. f 



Oil press Envelope. 

# c Fig 11. 



ps it is sufficiently pulverised. The meat is returned to the kettle and again 
subjected to pressure to extract the remainder of the oil. 

The newly {J resse ^ °H * s a dark sherry colour,. &xd contains a quantity 
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of*mucilaginous and-albnmenoid i»purities which are *piy tially removed by 
gravitation, but from which it is necessary to purify the oil more perfectly 
by subjecting it to some process of refining, that of submitting it to the 
action of sulphuric Scid as recommended by Thonnrd Jieing generally adopted. 
For this purpeso the oil is transferred to tjjnks and heated by steam pipes to 
a tenyjaratur# of •ahojxt 70° C. (160° F.); it is tlien vigorously agitated for 
about an hour with from It to rj nor cent, of strong sulphuric 
acid, wjligh attacks the foreign matters by 1 moving the water they contain 
(Mri charring t hem to a black mass. Tho agitation is sometimes accomplished 
by bloving steam tlwough the mixture, which is then allowed to remain at 
real for .five to six hours for the charred impurities to collect together. If any 
considerable amount of .sulphuric acid were employed, the oil itself would be 
uctejjrtm; this *iust, of course, be avoided.as far as poxMblo. Tho oil is then 
conveyed to a washing* vat., where it is mixed with hot water containing a 
little, caustic soda, with which it is briskly .tiered for an hour in order to 
remove the last, tract* 8f acid ; a small quantity of soap is formed which 
rises as aescuin t,o the surface, bringing some of the impurities with it. Tho 
mixed walih- and oil remains for a week in a clearing tank to allSw tho 
water to sup "rate, which is sometimes facilitated by tho addition of a little 
salt. The oil If cle.n is then drawn oil', or ifmeeossary it is filtered through 
hags or somr d v porous material such as charcoal or sawdust; fuller’s-earth 
is fro(|uently used for the filtration of oil. It has been proposed b^ Mayer 
to transfer tho od direct from the presses to a centrifugal machino by which 
tho oil is clarified, tho albumenoid and mufllaginous impurities being 
deposited oil the periphery qf the (h um, leaving tho oil clear. The oil te 
sometimes passed through a. hydraulic steam filter (Fig. 12, p. 2S), by which a 
great saving of time is elfish 1 as well as storage space, ns by its use the 
clarified oil can be conveyed L the stock cisterns as rapidly as it is produced 
by the presses. 

As far hack ns tho year 1843 it was proposed by Fisher of Birming¬ 
ham to extract oil from seeds l>y using carlxJh bisulphide as a solvent, 
and twelve years later a patent was taken out by Deiss of Brupswick in 
connection with tho same subject; but partly owing to tho disagreeable 
odouv.impartod teptho oil as walk as to the exhausted seed this method never 
came into general use. The seed when prepared for* extracting the oil by 
any solveni process, is not ground into fine meal, hut is simply crushed and, 
placed in a series of tightly closed cylinders.* The solvent is admitted to tho 
first of the scries for fifteen minutes, and then passeTl on to tho next anril so oil, 
the cylimiu containing ^lie most exhausted seed being always the omfto be 
charged with flu fresh solvent. The solution when saturated with*oil is 
.conveyed to ft disrilling apparatus in which tho solvent is driven off by heat 
and recovered for further use. The last tracciyire removed from tho oil as 
well . from (ho exhnn-tt d,seed%y Tlriving steam through them. In 1863 
an English patent was taken out for the use of volatile hydrocarbons 
obtained from petroleum and shale giiis, as solvents for tho fixed oils, and 
tlio development of the American jjotroloum industry since that period has 
brought this s\ stem of extinction into practical use. Petroleum spirit has 
the advantage of dissolving tho oil without taking up much resinous or 
colouring mattfft", and is therefpre well jdaptod.for the extraction of oils 
Required for edible purposes, or fqp pharmaceutical preparations. Up to the 
present time, however, the extraction of oil from seed^s by means of solvents 
has only beAi conducted on a comparatively small scale. 

When the extraction is earrfed out by means of pressure, heating the 
meal renders the oil mofte duid, and it is consequently more»easily squeezed 
out; but when a very fine*oil is required^ a better coloured find purer oil c*n 
be gbtainod by prcsjkyj the meal without the assistance of. heat. 
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Refined rape oil is largely used for lubricating purposes, but its chief valfte 
consists in the excellent properties it possesses as an illuinihant. Ib is con¬ 
sidered bj^the Trinity House to be one of the finest, oilf* for lamps, and is 
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Steam Oil Filter. 

still extensively used in lighthouses. It iM employed in Germany as a salad 
oil under the name of Schmalzol, after being deprived of its somewhat acrid 
flavour by mixing with a little starqh, exposing it-to heat until the starch is 
carbonised, and filtering; a little sweet spirits of nitre is sometimes employed, 
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in-order to remove any disagreeable flavour. In India, it is used in the 
preparation of curries and other hot dishes, as well as for otjjier edible 
purposes. . . * 

A genuine refin?d rape oil should have a sp. gr.pf 0.915; if the sp. gr. 
of a sample'b# as low as 0.914 or higher than 0.916, it should be regarded 
with soijie suspicion; most of the usual adulterants have a hjgher specific 
gravj/y than the genuine oil. As regards its chemical composition, it differs 
from ngosf other fixed oils in consisting to a great extent of a glyceride of 
Jnafcsio acid,‘C B II 4 ,O r , . 

The oil may t» impure fr«n the inferior quality of the seed crushed, which 
have contained foreign seeds, or it may be adulterated with a variety of 
lower priced oils. Tho most uSual adulterants are mineral oil, rosin oil, and 
linseefl oil. Mii^ral and rosin oils may generally be detdbted, as already men¬ 
tioned, by tho taste, or the presence of these oils may be indicated by the 
* fluorescence they exhibit, unless “ debloomed ” mineral oil has been employed, 
in which case the quantify of unsaponifiable dll should be approximately de- 
terminecUand 'its character investigated. IJosin oil has a remarkably high 
density, vaiying fftun 0.980 to 1.1, and it consequently tends to raise the 
sp. gr. of rape oil when mixed with it. Its presence may also be detected, as 
.already mentioned, by the colour test with stannic brgmide, and also by its 
"effect on polari .ed light, which istgenerully dextro-rotatory. The presence of 
either liempseed, cotton-seed, or lmseed oil would bo likely to produc^au ab- 
hormal riso of temperature on subjecting the sample under examination to 
the Maumene test. The colour observed 011 adding a drop of concentrated 
sulphuric acid to 20 drops of oilavould be of great assistance in detecting iff 
rape oil the presence of sever'd oils not unfrequently employed as adulterants, 
and in tho caso of rosin or animal oils the reaction would be very marked. 
Animal oils may generally be detected by taste and smell on warming tho 
sample. Tho presence of linseed oil would bo indicated by increased drying 
properties; cotton-seed oil by a rise in the temperature at which the oil 
solidifies, in tho higher melting print of the fattySicids, and by tho inci eased 
density. In testing the drying properties of a sample of oil, Archbutt 
recommends placing about a gram of tho oil in a watch-glass side by side 
with a similar quantity of a sarnie of oil known to be genuine, exposing the 
samples in a water oven for about sixteen hours, and«observmg the relative 
tendency to -olidify subsequently exhibited by the two samples.. “ 

Cotton-seed. Oil.—This oil is expressodfrom the seed as imported, or 
from the decorticated seed of the cotton plant, Gvmjyiuvi barbadense, as well 
as other vaiieries, and is comparatively of recent‘manufacture. Attempts 
were made in America to obtain f ho oil contained in cotton-seed about the 
vear 1824, and ivefo subsequent!> several times repeated. Although these 
attempts were successful as regards the production of oil, they had even¬ 
tually + o be relinquished as ugprofltaffle. In the year 1852 cotton-seed was 
imported into this country from Fgypt, for the purpose of having the oil 
extracted, whidh led to more encouraging results, and within the last ten or 
twelve tears die oil has become an important branch of industry. In 1881 
the annual production reaehwl 8 g 30 o,o‘oo gallons, and the present supply is 
estimated ub ifmre tjjau three times this quantity. In the year 1887 
500,000 torib of scud were crushed in the JInitod States, and it is estimated 
that 200,000 tons*of Egyptian scejl are annually crushed in Great -Britain, 
'lit the first ha.lf*of 1889 the imports into Hull, chmily from Alexandna, 
amounted to» 77 ,iio tons. The yield of oil is somewhat variable, depend¬ 
ing upon climate and the locality in which the seed is grown; but Urn 
average quantity may be taken to be from 20 to 25 per cent, cm the decorti-^ 
cated seed, the Egyptian seed yielding .rather more than the American. 
The seed, after undergoing the process of ginning to separate the cotton fibre, 



30 t DECORTICATING COTTON-SEED. 

still retains a sm^ll quantity of short fibfe termed “ Enters,” which causes *he 
seed to cling together into masses, that are cut in pieces 'Ey a machine con¬ 
structed lor this’purpose, so as to prepare it for beingjscrepned from {he sand 
and other foreign matjers with which it is associated. * The short fibres are 
detached and used for paper-making, and the seed is either crushed without 
removing the husks, or it is passed through a decortieator {Fig*. 13), a machine 
which cuts oil’the husk by means of knives rotating at a high velocity, and 
separates the kernels from their outer covering. In America it is usually 
decorticated, lmt.alth.mgh tins is done to some extent in this 'country,it js 
by no means general. Very little, if any, deerrticeteii cake is ndw made in 


Fig. 13. . 



Decorticating Machine. 


Hull, Where a very largo portion of X ^e seed imported into this country is 
crushed. The seed is groudd between roll), which are of the same'general 
character as those already described, but for cotton-iced the rolls are fluted 
and run at differential 'speeds. • The me*.l is heated irf a steam-jacketed 
vessel to a temperature of from 95' J -is2 u 0 . (204°-2ij“ F.), and the^io(|.* 
mass is filled into stsut woollen bags, and subjected to hydraulic pressure to 
extract the oil. By pressing at ordinary temperatures witho'ut heating the 
meal a portion of the oil of an exceptionally fine character is obtained. , 
The oil is, agitated with boiling water or 11 steam to coagulate as far 
as possible the albumenoid and .other impurities, which for the most part 
separate by. gravitation on standing. The off is then .either at the ordinary 
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temperature, ob gently heated to 26°-z9° C. (8o°-85° i'.’f, put into a tank, 
and briskly agitated with 10-15 per cent. o£ a solution of caustic soda 
having a" sp. gr. of- 1.07. The caustic soda attacks the albumefhoid and 
resinous impurities as woll as the colouring matters, which are subsequently 
deposited-ora .standing together with a small quantity of saponified oil, 
forming a very stark-coloured sediment, known in the trade as “mucilage.” 
The supernatant oil, which is of a light brown or straw colour, is drawn off 
■v^iion %lear and washed with water. The loss 1 >f oil sustained in this pro¬ 
cess ol fefining varies considerably, according to the quantity of the oil, but 
about 5 per e, nt. m!U’bo regarded as the average, although this maybe 
considerably exceeded in marty cases. In order lo avoid loss from saponifi¬ 
cation, the use of carbonate of «oda instead of caustic has been proposed, 
and has been tt> some extent employed, but, as might Jje expected, it does 
not act as effectually 171 removing impurities When a colourless oil is 
required, iVbleacliing agent such as an alkaliuo hypochlorite is sometimes 
l-esortei> to; bujt this istnol absolutely necessary, as the oil may be de¬ 
colorised Jjv agitating il at a temperature of i5o '-i75“ C. (300°-35o° F.), 
with fnller’; # i .11 th and subsequent filtration. * • 

When exposed t.o a temperature of o°-4° C. (3240’ F.), cotton-seed oil 
partially solidiiics, and when subjected to pressure the fluid portions can be 
squeezed out, lcrviug behind tkq*e which are of a indl-e solid consistency, 
the latter cou.,t ; uting what is known in commerce as cotton-seed stearin, 
which is said to be employed in the adulteradion of lard and tallow #.nd in 
the preparation of butter substitutes. • 

The residuum or “ mucilage’’, lefturn refining is boiled with open steam,* 
and treated with sulphuric acitl, winch combines with the alkali it contains, 
liberating the fatty acids, and forming a thick black grease. This black 
mass is subjected to the action o* scpeilieatcd steam, which distils over the 
fatty acids, leaving behind a hard black pitch. The distilled palmitic, stearic, 
and deic acids are separated by pressure, and the solid fatty acids thus 
obtained (which can be reddened nearly colqurloss by repeating the 
distillation) form no inconsiderable portion of the cotton-seed stearin of 
commerce. 

The colouring matters of cotton-seed oil possess powerful dyeing proper¬ 
ties, and the blatk alkaline mucilage which contains these colouring 
matters in a more or less altered form, when rubbed on the hands dis¬ 
colours them so effectually that the stain cqpnot be removed without con¬ 
siderable difficulty. • • 

Olive Oil.—This oil is obtained from the fruit of the olive-tree sfcOTea 
evropcea), of which there ifro numerous varieties known to the modern culti¬ 
vator, although pnly comparatively lew^ire grown to any*large extent. The 
olive thrives best in a calcareous soil, and near the sea-coast; it bears a stone 
f rim, the fleshy integument of which eontains tlie sweetest of all vegetable 
oils. It i- of slow > vowth, begins toteir fruit when five years old, and attains 
great age, lasting for several centflries; when not kept back by pruning 
it grow* to a Inrg size, producing a bird and tough timber. It is a native 
of Asi|, and ha, long been cultivated*^ Southern Europe, more particularly 
in Greece, Italy end Spain, the flroad-leqved olive of Spain bearing a larger 
fruit than that gfownin Italy. From Europe the olive was introduced into 
America, whereiUflourishes, mol* especially in Chili and-Upper California; 
‘itdhas also f •■■■ i a climate admirShly suited to its grovVtk in Queensland 
and Sftuth Australia. * 

Under careful cultivation tke«trees are planted in rows, and manured 
with woollen rags or other/litregenous fertilisers, much attentjpn being paid 
+ r ' the pruning. In the Soqth of Europe the trees come into -bloom in April* 
and the fruit is of full size in November,*when the harvest (which lasts for 
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seven or eight welts) commences. Tjie crop is of a somewhat uncertain 
character, and on an average a good season is not to be e'ipacted ipore than 
once, in‘three years. The trees are liable to be, affected with, fjingoid 
growths, the shoots are sometimes attacked by a specie* of coccus, the leaves 
eaten by caterpillars, &nd the fruit injured by the olive-fly. f .The trees also 
suffer in the event of a long-continued drought, the fruit, falling off before it 
has reached' maturity; to guard against which, artifffaal irrigation is fresorted 
to in some districts. To obtain the finest oil, the fruit should be'gSthergd 
by hand before it gets too ripe, for if allowed to remain until" it falls, or the 
trees are beaten with' poles (&s is tho case wi4h tfys ljulk of the' fruit), t£e 
quality of the oil obtained is inferior. * 

The olives are spread over a floor, where they remain for three or four 
days to dry, the drying being occasionally assisted by a slightly elevated tem¬ 
perature. For extracting the oil* the olives are crushed, placed in coarse bags 
or rush mats, and subjected to pressure, which, if oil of the best quality is 
desired, should be done as soon as possible after tho fruit has been fathered. 
In order to obtain tho very finest or “virgin” oil, the pulp 'of h^uid-picked 
fruit? is subjected to a very moderate pressure; the residue is,broken up in 
the bags, treated with hot water, and again subjected to pressure, to extract , 
the remainder of the oil. Fgr ordinary oil, the pulp is more heavily pressed^ 
the yield being soAetimes increased by allowing the mass of fruit in the 
storehouses to ferment slightly (the temperature never being allowed to 
exceefi 36° C.; 96° F.), whicfi softens tho fruit and facilitates the extractor 
of the oil. In some districts, the machinery employed for crushing and 
.pressing tho fruit is still of a very caside description, but iron rolls are gra¬ 
dually taking the place of those of a very primitive ago which were made of 
stone, and hydraulic presses are superseding those of a more simple construc¬ 
tion that have been employed for many centuries. The crushed cake is 
sometimes broken up, stirred with warm water, and pressed for a third time, 
yielding an inferior description of oil. The residue after pressing, or “ marc ” 
(as it is termed), still retains from 5 to tape* cent, of oil, which is extracted 
by the use of some solvent such as carbon bisulphide or light petroleum. 
It has recently been proposod (instead of using a solvent) to extract the last 
portions of oil by subjecting the “ marc ” to tho action of superheated steam 
by which any oil it may contain is carried over as a distillate at a temperature 
of i;;o°-200° C. (302°“392° F.), a small quantity of the oil being liablo to 
be decomposed towards the t^pse of the operation. The oil is allowed to 
remain in largo tanks* for two or three months to afford time for the 
muoijage to deposit, and sometimes it is subjected to a further process of 
purification by agitating it with a solution of "baustic soda, the clear oil ' 
obtained after sepift-ation of the water and impurities by subsidence being 
drawn off'. The character gf the refined oil varies considerably according to 
the quality of the fruit, ftie care taken.in its treatment, anil the methods 
employed in the extraction. Some descriptions are pale yellow, whilst others 
have a dark green tinge. The green cilour that is natural to some vegetable 
oils is due to chlorophyll, which beedmes changed by exposure to sunlight, 
or to any bleaching process. ^The greetr colour is sometimes artificially given 
to olive off in order to meet the requirements o°f those who luve a preference 
for cjUs possessing this tint. ' , 

The finest oliwe oil was at ofie time fliat imported m the well-known 
Florence flasks, bftt no dependence can vbw be placed on the quality of sufeh * 
oil, as it is very frequently adulterated. It is stated that these flasks arl often 
filled in London with cotton-seed oil, which is sold as fine salad oil. The oils 
that are held,in the highest estimation are those which are employed for ' 
cedible and culinary purposes, the best of‘which is known as “ Finest Cream 
Sublime,” imported from Legliofn. The Provence; Florence, and Lucca 
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oil* also belong to this class. Tbs oils from Spain, Greece, Tuscany, 
Gallipoli,.Genoa, Sicily, Tunis, and Mogador are chiefly used for. burning 
in lampS and for lubricating machinery, the lowest qualities being convlrted 
into soaps. That kn&wn as Marseilles or Castile soapjs made from olive oil. 
For burning' ^nd lubricating purposes, freedom from acidity is a great 
desideratum, and in, this respect the Spanish oil from Seville is. one of the 
bfest of tftose mentioned as used for these purposes. There are peculiar 
fqpilitiSs “at Gallipoli (which is situated on a steep insulated rock on the 
ea stern iSiore 6f the gulf of Taranto) for keeping the °>1 fresh and sweet, in 
tSe remarkable t,auks Allot ureacut out of the solid limestone rock, to whioh 
the oil is brought from a considerable distance for storage. Large quantities 
of olfve oil are refined at Bordeauk, although not situated in the oil-producing 
district*. . * 

THe usual density oi olive oil at 15.5” 0 . (60” P.) is 0.916-0.917, the 
presence of any considerable quantity of free fatty acids (a not unfrequent 
occurreufle) having a teydflney to lower the ddiisity. The sp. gr. of a very 
acid oil mtpy even be as low as <...914. . , 

Olive oil Isis a lii*her market value than most of the other vegetable oils, 
i and it is consequently liable to be largely adulterated with lower priced oils, 
and to such an extent is this admixture with foreign ojjs carried, that not 
unfiequently a se called olive oil fe found to contain not more than from 
50 to 60 per cent, ot genuine olive oil. The tils most frequently employed 
iif this adulteration are cotton-seed oil, sesame (giugelly) oil, arachis 
(earth-nut), rape-seed, and poppy-seed oil. Large’shipments of cotton-seed 
oil nro made from the United States t<f Marseilles, a great portion of which 
finds its way hack again under The name of olive oil, after paying a consider¬ 
able duty. The low-priced oli.e o'ls of Italy, Tunis, Sicily, and Algeria are 
often mixed with cotton-seed oil a id ex ported as tine olive oil. Linseed oil, 
walnut oil, and lard oil are also occasionally einployod as adulterants. 
Indie 1 ions of tho nature of the sophistication may be ascertained by sub¬ 
jecting a sample of olive oil to the following tests. * 

The Mrmme.nii Test .—The rise of temperature on mixing with sulphuric 
acid will be considerably increased by the presence of cotton-seed oil, and 
also by that of most of the other oiis generally employed in the adulteration 
of olive oil. * 

Elaidin Test —Tt has already been stated that genuine olive oil usually 
gives a lemon-coloured elaidin of a very soli 4 character. In adulterated 
samples the solidification is frequently retarded, and tlio elaidin formed is^of 
a softer desorb rinn, whilst in some cases it may assume an orange or a*red 
•colour. Archbutt has made a great number of experiments with this t&st, 
and the resultsoLhiS extended expei.encfc have led him to conclude :— 
e (1) That the test should be cart-ied out at <4 temperature of 25 0 0 . 
(77° I 1 .), and that this temper.^;ure*.should be maintained throughout the 
experiment . 

(2) That tho*length of time required for solidification is of greater 
importance than tlu. ultimate consistency of the elaidin. 

(3) That tho reagent, if peppery prepared and carefully preserved, may 

be employed so lnti t as retains its deep green colour. t 

(4) That eAen when every precaution hag been taken in conducting the 
..expei .ment, a genuine olive oil may goinetimes fail to yield g,n elaidin of the 

Asutl solidity, 1 : ?at in condem ning»an oil as adulterated, it would not be 
wise to rely entirely on the results obtained by this test. 

It was pointed out by Moschini A any years ago that if the olive oil had 
Tieen exposed to sunlight, the hardness of the elaidin obtained from it by 
the se of this test was diminished." The precise mode of carrying out the 
test adopted by Arclibutt is described in the “ Journal of the Society of 
• • • • • ~ 
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Chemical Industry* v. 306 M86], A| the result of experiments on eleten 
different samples of olive oil believed to be genuine, He found.the time 
requfl'ed for solidification at 2 5 0.(77 !■) to vary irojn about 200 mjn'gtes to 
about 400 minutes. With mixtures the following results were obtained 

• Minutes required fat solidification. 

OJivc oil alone.. * 3 ° * • 

Thu same oil + io per cent, of rape . . 3 2 ° 

„ + 20 „ „ . . from 9 to nj hra.> 

+ io „ of cotton . „ „ • 

„ - + 20.„ „ . . over 11} lira. . 

• • • 

Saponification .—The determination of the quantity of potash, $011, 
required for the complete saponification of sample of olive oil (besides that 
required for neutralising the free fatty acid) affords information width is of 
assistance in judging of the jnuity of the sample, A genuine oil Should 
require about 19 per cent, of KOlf. This estimate is based on results 
obtained by Archbutt from the examination of 'Jop samples, wliifch varied 
froiij about 18.8 to 19.2 per cynt. ' , 

Iodine Absorption. — This test is of assistance ill determining the 
genuineness of a sample of olive oil. According to the observations of iliibl, 
a pure olive oil dqcs not absorb more than about 85 per cent, of iodine, 
whilst rape-seed oil absorbs 100 per cent., sesame and cotton seed oil 
105 per cent., poppy-seed, hempseed and walnut oil 142 per cent., and 
linseed oil 156 per cent., of iodine. 

Colour Tests .—fn thb preliminary examination of an olive oil, placing 
a drop of concentrated sulphuric arid in-the centre of 30 drops of oil is of 
great service in drawing attention to any adulteration. The colour produced 
by a genuine olive oil is orange yellow, or very pale brown, generally 
surrounded by a broad band of a light green shade. Most of the other oils 
produce very much darker tints, varying according to tlio nature and 
quantity of the oil used as an adulterant, a knowledge of which can only be 
obtained by actual experiment. • 

Special Tests .—Liaudonin tests for sesame oil, by shaking up in a test 
tube from 5 to 10 c.c. of the fatty acids (obtained from the sample under 
inspection, and dried at a temperature of no C.), wjtb hydrochloric acid 
containing 2 per cunt, of sugar, a red coloration being produced by the 
fatty acids of sesame oil, which is not the case with tlio fatty acids of 
olive oil. «■ 

iirulle tests for auy seed oil by placing 10 c.c. of the oil under examina¬ 
tion in a test tube, adding 0.1 gram of dry powdered albumin and 2 c.c. of 
nitric acid. The, test tube is then heated until the acid boils, the test tube 
being so inclined as to cause the ebullition to mix the oil' ambacid thoroughly, 
together. If the olive of.be genuine, only a faint greenish yellow coloration* 
is produced; blit should any seed oil ho present to the extent of 5 per cent.. 
the colour will be an orange tint of a darker or lighter shade, according to 
the amount of adulteration. This test has met with (die approval of a 
committee of the Agricultural Society of the Alpes-Maritimes. * 

The adulteration of oTve oil wilif eoffon-seed oil reached such enormous 
proportions, that it became a matter of the greatest importance to ascertain 
the best method of detecting this adulterant. In i.88f> a Commission was 
appointed at Florence to inquire into the value of a teal, proposed by Bech'i. 
After thoroughly investigating the matter, experiments' having been tfnido 
with olive oil obtained from several districts, as well as in different edhditions, 
ami with cotton-seed oil from various sources, the Commission issued a 
favourable report as to its trustworthiness, when the amount of adulteration 
was as much as 20 per cent. This test was based on the reducing action 
exerted by cotton-seed oil on silver ilitrate. Tho test has since been greatly 

t , 
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nproved by Milliau,.who, instead qf working with the oils direct, makes 
se of tl^e fatty Acids obtained by saponification of the oil, whereby the 
elica^'.and trustvpnrthiness of the test has been much increased. It is 
sserted that as sniftll a quantity as I per cent, of qotton-seed oil may be 
letected, if thg test be properly carried out, which should bo as follows :— 
c.c. of the melted JFattv acids are dissolved in 20 c.c. of absolute.alcohol in a 
fide test tuba The solution is brought to the boil, and then 2 c.c. of a 
iy percent, solid inn of silver nitrate is added. The fatty acids of cotton-seed 
dl un t hese circumstances react with the # silver nitrate, producing an 
mmediate black deposit, *vhil«t the fatty acids of olive oil do not bring about 
my such reduction of the silver salt. W. H. Wiley, in using this test for 
he Selection of cotton-seed oil ih lard, prefers to employ a round-bottomed 
loreelafei dish capable of holding about 50 c,c., instead of a test, tube, and to 
teidify tho silver nitrate solution by the addition of from 0.5 to 1 per cent 
if njtrio acid. ITe also considers that the fatty acids, if kept for any length 
of time,So ,0 their powej- df reducing the silver kit. 

Labichg ini’reS the sample of oil under exapiination with an equal vojurne 
of a saturates! ohdtbn of neutral acetate of lead, tho mixture being briskly 
stirred, when an oringc-red coloration is produced if the sample contains 
20 per cent, of roHon-„eecl oil. Some adulterants (suehpis walnut oil) may 
5 e defected by th> peculiar llavoiufthey impart to the olive oil. 

Olive Kernel O’l. This oil, which is frequently extracted by mejna of 
if solvent, lias a higher density than olive oil, the sp. gr. being about 0.920. 

Madia Oil. —The plant from which this oil is Obtained (Madia saliva) is ^ 
indigenous to Chili, and has been succ*ssfully cultivated in Asia Minor and 
Algeria. Its introduction into’f !ern..iiiy and the South of franco (owing to 
tho irregularity with which to »seed ripens in those countries) has not been 
attended with tho amount of access that was anticipated. The seeds 
(which are very small) yield from 30 to 40 per rent, of oil, which is of a 
ycllov colour, having a sp. gr. of 0.926. Tho finest oil obtained by cold 
pressure can be used as a salad oil, tlmt of inferior quality is employed for 
illuminating purposes. • • 

Palm Oil.—This vegetable fat, obtained from the West Coast of Africa, 
is extracted from the fruit of sevoijd species of palm, but, chiefly from Jila-is 
f/uincensis, an oil palm growing in tropical Africa to a height of 70-80 feet. 
The spadix of t his palm, containing the fruit, which is of an orange or reddish 
colour ami about the size of a pigeon’s egg,•will often weigh as much aa 
20 lbs. The fruit, is a drupe, consisting of a strong kernel surrounded by a 
firm flosliy iid-gument of a vascular character, the cells of which contain the 
oil ot fat in drops or lumps. The hard stone also yields an oil, but ftf a 
different eharauUjr, fuore nearly rese,sibling cocoa-nut oil, and which is known 
in commerce as palm-m*t or palm-kefnel oil. • » 

The establishment of the 1 yule fn palm oil was of material assistance in 
suppressing the Ah man slave trade; jthe natives finding it more profitable 
to sell their oil Ub the English, who vve^e almost their exclusive customers, 
than to Uncouth’T sic risks incurred in attempting to run the blockade of 
their pgris with a cargo of tjaviys, s6^,liat the •bunks of the Senegal and 
(lumbia rivor,-. If me^n process of tiniy lined with rude factories for the 
extraction of the oil. . . , - 

Palm oil is ol>t:«ined;by pressure k or by boiling with wa^er; in the latter 
"cast! the od, ' *is when cold of various shades of cojour from yellow to 
red, floats on the surface of the water; it is skimmed off, and put, into casks, 
in which it becomes on cooling of* a semi-solid consistency. In order to 
"facilitate the extraction of the oil, the fruit is sometimes allowgd to remain 
in ’ eaps until a certain amount of fermeij.ation has taken jflace. The oil 
has a slightly svuet llavpur and an oitonr resembling that of orris root; if 
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exposed to air it rapidly becomes raneid and assumes a paler colour. ‘ It 
consists essentially of tripalmitin and triolein, with varying quantities of 
palmitic and oleic acids; it always contains a very considerable proportion 
of free fatty acids, the amount of which increases with the age of the oil. 
This acidity raises the melting point of the oil, and causer' it to exert a 
powerfully corrosive action on metals. Pelouze and Boudet found fresh 
palm oil to consist of free fatty acids to the extent of one-third of its ymight. 
In a sample melting at 31“ 0 . (88° F.) the fatty acids amounted to,one-half 
its weight, and in a sample ,melting at 36“ 0 . (97” F.) the fatty acids were 
as much as 80 per cent. The results of the tnoro recent investigations by 
Tate and Archbutt have shown that commercial samples of palm oi|. are 
liable to contain as much as 80 per cent, of free fatty acids calculated as 
palmitic acid, C 18 H,J 0 ,. , r r , 

The melting point of fresh palm oil ranges from 2 7°-3<i° C. (8o° to 97° F.), 
but that of an oil containing a large proportion of fatty acids may be as high 
as 42“ C. (108" F.); whilst it& consistency may vafy from that of soft lard to 
hard tallow. The oil generally contains water varying in amount from 
2 to 16 per cent., as well as solid impurities, 2 per cent. Doing allowed in the 
trade as representing the normal amount. The water may be expelled by 
exposing the oil to .a temperature of 104° C. (220° F.), and the amount of 
solid impurities may be ascertained by dissolving the oil in light petroleum 
and ajlowmg the impurities to subside; these may then be collected, washed 
with a little ether, dried, and weighed. 

The sp. gr. of the oil Is about 0.920-0.927, at a temperature of 15.5° (J. 
(60° F.), and 0.857-0.859 at the tom{ 5 erature of boiling water. 

The quality of palm oil, as might bo oxpected from the vast extent of 
country whence it is obtained, varies considerably. The best brand, that of 
Lagos, is most in demand, and commands the highest price. In 1880 the 
quantity of palm oil imported into England was 51,000 tons, at a closing 
price for Lagos of ^30 per ton. In 1883 tl|e imports did not exceed 37,000 
tons, the price for Lagos being £40 por tdn. In 18S5 the quantity amounted 
to 45,000 tons, the price for LagoS being only £26 per ton, tbe price being 
still further reduced at the close of 1886 to jQ 22 por ton.* 

Palm oil is extensively employed in t>ho preparation of railway grease, 
and in the manufacture of candles. Palm oil as imported does not usually 
undergo any special bleaching process. Much of the colouring matter is 
decomposed during the saporfliication and subsequent processes to which it 
is subjected for the separation of the fatty acids, and romains behind with 
the<t>lack residue that is left on distilling over the fatty acids by means of 
superheated steam, or it is expressed with the oleic acid when the fatty acids ' 
are subjected to pressure. ” . 

When a specially colourless fatty acid is required, recourse must be had to 
one of tbe usual and well-known processes for bleaching fatty substances, 
such as exposure to the action of light, which may be done by simply 
exposing the fat in thin layers to thp influence of the sun, hr the liquid fat 
may be heated in a tank from which jiortions are continually raised' by some 
simple mechanical arrangement and allowed to full back again in thin 
streams; or a current of air is passed through the oil heated ho a temperature 
of 54°-6 o° 0 . (130°-!40°J?.). Sijlphuroua-acid gasis sometimes’admitted by 
means of a perforated tube to the bottom of a closed vessel containing the s 
oil to be bleached, the gas being drawii through the liquid by megns of a 
Kcerting’s air suction, or steam-jet suction springs, attached to the top of 
the vessel. Direct oxidation of the colouring matter may be effected by , 
passing oxygen gas through the oil, the oxygen being obtained by the action 

• Beport on Oil and Fats to the Boyal Commissioners of r the Colonial Exhibition of 1886, by 
Leopold Field. r « 
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of sulphuric acid on binoxide of manganese, or by Brin’s prpcess, or supplied 
. in the shape of dione or peroxide of hydrogen; or the bleaching may be 
attained by the use of more powerful chemical reagents such as chlorine or 
chromic acid. Hypbchlorous acid, or a hypochlori(p, is also used in the 
bleaching of oijs, a solution of sodium hypochlorite being employed in France 
under the namb o£ Eau de Javelle, and potassium hypochlorite under the 
dame of Eau de Labarraque. 

, PaW-nut Oil, or Palm-kernel Oil, is obtained from the kernels of the 
fftiif of Mirin' t/uineensis. Its composition is of # a morepomplieated character 
than that of palm oils move nearly resembling cocoa-nut oil in this respect, 
consjpting, as it does, of the glycerides of myristic, lauric, eaprie, caprylic, 
ami caproic acids, besides tho^s of stearic, oleic, and palmitic acids. It 
rangesfrorn o.8(^j to 0.873 at a temperaturj of 99° 0 . (sno’ F.). 

Oil of Illipi (IUipa, Epei).—This is a semi-solid fat, bearing some re¬ 
semblance to palm oil, and is obtained from the fruit kernels of Bassia 
hmgifollh, which- flourijhffi on the coast of Oironiandel; the seeds yield 
about. 30 per cent, of oil having a sp. gr. of 0.947 i >1 rapidly becomes rancid 
in the hot climate of India. 


, Mahwa Oil, or Mahwa butter, is obtained from the fruit of Bosnia 
latifolia, a tree which is extensively cultivate^ throughout India, bearing 
flowers that are u ,ed as an article of«diet, and from which an intoxicating liquor 
is distilled, having a flavour that is considered by some to bear a slight 
resemblance to that of J risk whisky. It is stated that six gallons of "proof 
spirit can be obtained from 112 lbs. of the flowers* The oil has a sp. gr. of 
0.972, and is used for cooking purposes • 

Phulwara Oil.—This oil is\>f tb - consistency of soft lard at atemperature 
of 35” 0 . (95“ F.). It is obt. incd from the seeds of Bassia butyracea, the 
Indian butter tree. The seeds which have somewhat, the appearance of 
blanched almonds, are bruised to a pulp, and placed in bags under a weight 
until the oil is pressed out. The oil is much used as an adulterant for 
“ Ghee,” the peculiar description of.butter mado fr»m milk, and which forms 
such an important article of diet with thematives of Hindustan. 

Shea Butter (Galam, Nungu, Bambouk butter) is obtained from Bassia 
Parkii (Butyrospermum Parkii), a jdant indigenous to tropical Africa. The 
term Shea moans *m the native language tree butter. This fat much 
resembles palm oil, for which it is sometimes mistaken ; it is, however, of a 
firmer consistency, and more like a dirty wjpte or yellowish tallow; its 
melting point varies, that of some samples being below 27° C. (80* F.), 
whilst that of others is as high as 43° C. (109“ F.).* The seeds are dvi^in 
» the sun, ground in a. morffn-, and kneaded into a dough with warm wajer, 
the fat being $x|raeted with hot v.-iter.• It lias a sp. gt. of 0.859 ^ the 
■ temperature of boiling .water. Tk(p fat generally contains a considerable 
quantity of free fatty acids and haste somewhat agreeable flavour aud 
odour. • 

Cocoa-nut Oil, or, more correct!/, cocoa-nut oil as imported, is a white, 
rancid fat of the onsistcncy of lard, (Extracted from the kernels of Cocos 
nncifer^(butyroi*ea), the cocoa-nut palf% that flourishes in the East Indies, 
throughout the .tropical islands *of the i Pacific Ocean, and in tropical 
America. It> is qptenlively cultivated <Jn the coast of Brazil, and forms 
: a v ry important part, of the pi' 3 duetionS*o£ the island a f Ceylon. The 
^jocea-piilm - . -s* to the height 60-90 feet; the stem is soft and 
fibrous,*and is^ marked with rings, occasioned by tilt? fall of the leaves 
(two of which are said to drop off e\jery year), about a dozen leaves, which 
•are sometimes as much as 12 # or 14 feet in length, forming a tufj at the top 
of the tree. In wet seasons, blossoms will make their appearance every five , 
or six weeks, so that fresh llowers and wipe touts may sometimes be found on 
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the tree at the sajne time. The juice, Mjhich exudes on making an incision 
into the unexpanded flower spathes, is known as toddy, fthreh wh^n boiled, 
down produces a coarse brown sugar termed in .India jaggeryi, .or, if 
allowed to ferment, yields a spirit generally known & arrack. The trde 
begins to bear fruit when it attains the ago of six or seven y?ars, the shoots 
from which the flowers subsequently emerge making their appearance 
during the sixth year. On arriving at maturity, the tree will bear,.on ah 
average from 60 to 120 nuts annually, the quantity depending greatly 
upon soil and climate, The number of nuts in a bunch varies from £Ve to 
fifteen, and on a good soil a troe may produce from, eight to twelve bunches 
every year, and will continuo to bear fruit for seventy or eighty years. , The 
kernels, when cut up and dried in tho Shn, are. known in coinmerco as 
copperah, or more generally as “ copra,” containing from, 60-80 pfcr cent, 
of fat. Tho natives of the South Sea Islands simply bruise tho copra and 
expose it to the Run in perforated pots, tho oil running out into ve*sols 
placed beneath. The mills if. Ceylon are conducted .by Europeans' and are 
well supplied with machinery suitable for grinding the copra, andesubjecting 
the ground material to hydraulic pressure; a great deal of copra, worth in 
London from ^15 to ^16 per ton, is shipped to Europe for the extraction 
of the oil. The cqpra contains two descriptions of fat differing in con¬ 
sistency, so that whether the oil expressed is of a fluid or more solid nature 
depends greatly on the temperature and pressure. The residue left after 
the fat has been expressed is known as “ poonac." Cocoa-nut oil is of 'a 
complex constitution, ftfc besides tho glycerides of myristic (O n ll !B O s ), 
- palmitic, and stearic acids, it contains, the glycerides of lauric acid 
(C,,H ! ,0 8 ), eapric acid (C 10 IJj„Oj), cuprylic acid (C 8 H„O a ), and caproic acid 


(tyr.A). 

Cocoa-nut oil requires a strong .alkaline lye for its saponification, and the 
soap formed is much more soluble in salt, water than other descriptions of 
soap, thus rendering it particularly adapted for use as a marine soap. Cocoa- 
nut stearin and olein art the products obtained by subjecting tho oil to 


pressure. < 

Cohoon Oil (Cohune oil) is obtained from the nut of the coliune palm 
(Altulea cohinui); it is a white, hard fal„ solid at 22° (72° F.), having a 

sp. gr. of 0.875 a * tTe temperature of boiling water, and does not possess 
any unpleasant odour or flavour. 

Sesame Oil, or Gingelly mil, known also by the names of Teel oil and 
Benrife oil, although not the same as the oil of Ben or Behen, is obtained 
frogs the seeds of SammUm indicmn ( Oriental r, Linn.), a plant indigenous to 
India, and largely cultivated in tropical and semi-tropical climates; it grows 
to tho height of from 2 to 4 feet. ■ A great deal of seed, ic imported injo 
Europe from Ceylon and JSgypt, the oil being extracted for the most part at 
Marseilles and other places in the Sdutll of prance. The seed contains from 
45 to 50 per cent, of oil, 30 per cent, qf which may bo extracted by simple 
pressure, and the remainder with the assistance of steam' and hot water. 
The seed grown in the Levant yields from 5 to 6 per cent, more oilthan the 
Indian seed. This oil consists of olein to the .extent of 76 percent., togethei 
with stearin, palmitin, and myristin, and has a sp. g%of alftmt 0.924 ; it has 
' very little odour, and a jnild, agreeable flavour; it is largely uged in France 
for culinary purposes, and is by no means a bad substitute for olive ^oil 
however applied; In India, as well as in China, both tile seed anj} oil'are 
used for edible purposes, the pressed cake, after the extraction of the oil 
being also sometimes consumed as food by the poorer classes. It is a verj 
common adulterant of olive oil. „ 

t The German sesame or Camelina bil is pf another and inferior de 
scription, obtained from the sinafl yellow or ruddy speds of Camelina saliva 
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(Myagrum sativum, Linn.), and is, used for burning* and for pointing 
purposes.^ . to 

°4 pf Ban or Balfen, obtained from the seeds of the Morivga Mfera, 
or Guilavdina, moriitlja, has but little tendency to become rancid, and is a 
valuable oil fen: the extraction of perfume from flower?. 

Ram-til Oil, JJuizot Oil, or Niger Oil.—This oil consists of the 
glycerides of oleic, palfhitic, and myristic acids, as well as of an acid of 
t^o linoleic ser ies. It is obtained from tun seeds of Gaizotea olei/era, 
which js’termrd “Niger seed” when imported from Africa, and Ram-til, 
or Kcrsonde, when jmflprte<| from Bengal, ’The plant is cultivated in 
Abyssinia and in many parls\>f India. The seed yields from 35 to 40 per¬ 
cent, of oil, which is mostly expressed in Germany or England, cold pressure 
yielding 20 to 2^ per cent, of oil. Tiro oil, which hua a sp. gr. of 0.924, 
possesses slight (frying properties, and contains but little stearin or palmitin; 
it, is a limpid, clear, pale-coloured sweet oil, and is used by tho lower classes 
of Indict for edible purpeses. The oil is employed in England in tho 
manufacture of soft soap. 

Arachis.Oil (Gl-ound-nut oil, Earth nut,*Pca-nnt) is obtained froih tho 
nuts of Aracluf h;n>uytm, a plant which is extensively cultivated in tropical 
and semi-tropical climates, and possesses this peculiar property, that when the 
flowers wither tl 0 stalk of tiro every elongates, and Trending downwards 
forces the young seed peril under the groundhence tho derivation of the 
Aarne ground-nut. The plant requires a good soil, tho seed is sown in Cctober 
or November, and the (irst crop of nuts for eating in the green state is 
ready in tho following April: the nut» are ripe in duly or August. " 

Ground-nut meal is very nutritious, contains a large amount of nitrogenous 
constituents, and ranks with '1 utils as an article of diet. Tho plant, which 
is indigenous to America, is cultivated in various countries for tho sake of 
the oil which it yields, amounting to about 40 per ceirt.; this is principally 
extra ited in Franco. The nuts arc cleaned and decorticated, and the kernels 
crushed and pressed, tho oil living filtered through bags. Tiro oil first 
expressed, amounting to about lb per cent., lias a sp. gr. of 0.916 to 0.920, 
and is used for edible purposes. 

Arnolds oil is of a pale greenisji colour, has a nutty flavour and an odour 
resembling that of peas. Its chemical constitution is peculiar, the glycerides 
of palmitic and oleic acids being to some extent replaced by those of 
arnebidie acid, C',,, 11 ,/),, and liypogicic aq^l, C„H m O,. Arachis oil is 
employed as a substitute for olivo oil, and is sometiirfBs passed as such.* It is 
largely employed for adulterating olivo oil, in which it may sometinwg be 
detected by its peculiar lhftuur. It also gives rise to a reddish coloration 
yhen equal im«vsur<;s of tho oil an - nit»ic acid, sp. gr. 1.4 (free from nitrous 
compounds), are shaken together. «Its presence,Recording to Allen, may bo 
detec*oil with greater certainly by employing a modification of Ronard’a 
process * bawd on 1 lie isolation of aftichidic acid. This acid closely resembles 
in many respects stearic acid, but it has a higher melting point, 75“ C. (i6c/F.), 
which Serve.': led, .tinguish it. * 

Cqpura Butter.—This fjt, knoiA under variety of names, cokum, 
kokum, Goa but' r, afld mangoateou oilj^s a solid and rather friable fat of a 
white or greeniali yellow colour^ and a somewhat agreeable odour; it is 
obtained from the seeds of Garcmea indica, a native of Western India, and 
consists of . it), olein, and myrisiin. A similar description of fat, known 
as gamboge batter, is obtained from Garcmea pictoria'a. tree growing in the 
forests of the hilly districts of India, sometimes at a height of 3000 feet 
above the level of the sea. .These fats are used for lamps, and are sometimes 
' nsuineu as food by tho pqprer natives as a substitute for ghee. • 

T Allan's “ Orgaific Analysis,’’ ii. 106. 
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Noem Oil, cp ^Jargosa Oil, is obtained from the fruit of a species of 
margosa, Melia azedarachia; it has a bitter disagreeable flavour, ai^d is used 
by native physicians for medicinal purposes. , ', ! '. 

Myrtle Wax is not properly speaking a wax, but a fatty body containing 
about 13 per cent, of glycerol, apd is obtained from the beiyies of several 
species of Myrica (cenfera, serrata, <fcc.); it has a sp, gj. ot 0.995, anc * an 
exceptionally low melting point as compared with waxes, being not more than 
40.5° C. (107° F.); the solidifying point corresponds closely with the melting 
point, the difference between them not being more than about 1° This 
so-called wax is extensively employed in the adfiltergtiijn of beeswax and in 
the manufacture of soap and caudles. 

Japan Wax. —This is also a fat containing neayly the same amount of 
glycerol as myrtle wax. It is obtained from the berries of jeveral species of 
Ithus, chiefly from Rhus succedanea, which flourishes in the western provinces 
of Japan and is cultivated in California. Its melting point is a little higher 
than that of myrtle wax, 5i°- , 53‘’ C. (i24°-l27° F.);its solidifying pofat being 
about 40° C. (96° F.), and its sp. gr. at 15.5 0 0 . (60° F.) is about 0.990. It 
is used for very much the same purposes as myrtle wax. • • 

Crab or Carapa Oil is a vegetable butter obtained from Carapa , 
guianensis, a tree growing in (British Guiana and in Western Africa, and also 
from Carapa vtoluccensis, growing in India, Ceylon, and the Moluccas. The. 
seeds yield by beat and pressure 40-50 per cent,, of solid fat, having a strong 
bitter navour; it consists chiefly of palmitin, with some olein and stearin; it 
melts at 73.5°~77 <> C. F.), and solidities at 64.5° 0 . (148" F.). It 

has a sickly and very persistent odmir which greatly interferes with its 
usefulness, as the means usually employed for deodorising are in this case 
ineffectual. It is used by the uatives os a pomade to prevent the attacks of 
insects. 

Vegetable Tallow. —There are a considerable number of trees dispersed 
over Asia and Africa that produce fatty bodies of the consistency of tallow. 
One of the most importaut of these is the tallow tree (Stillivgia self era), 
which if cultivated in several provinces of China and to some extent in the 
north-east of India. This tree produces 11 white brittle fat known as 
Chinese tallow, which forms a thick bard lijyer upon the surface of the seeds; 
this fatty substance eonsists chiefly of palmitin with a small proportion of 
olein, and has a melting point of about 44° C. (111° F.). The nuts, after 
being pounded in a mortar to loosen the seeds, are placed in wooden colanders 
and the fat is melted oil by steam. The operation of steaming and straining 
thretugh bamboo sieves is repeated until the whole of the fat has been 
rempved; this is then purified by remelting and is pound into tubs, in which *> 
it is allowed to solidify in masses of about 80 lbs. A fluid' oi) is also obtained . 
from the crushed kernel}.by boiling with water and pressing; this oil * 
possesses some drying properties, and 1 is used ^n the preparation of varnish 
and for burning in lamps. 

Candle-nut Oil is obtained from the nuts of Aleurites triloba, which is 
cultivated in tropical climates, the kernels yielding aliout 55 per ceht. of a 
sweet and limpid oil, which pemains flhid at 0° , 0 . (32° F.). The oil ppssesses 
medicinal properties of a character similar to those occasion oil; it consists 
of the glycerides of linoleic, myristic, palmjtie, and oleiq acids. • The natives 
of the South Sen Islands are in tfie habit of placing the nots on the end of a , 
stick and using them as candles or torches, and from this circumstance the bil 1 
derives its name. ‘ » 

ANIMAL FATS. 

« tl 

Tallow and Lard are two of t the m6st impprtant animal fats, and con¬ 
stituted for many years almost the only source of supply of solid fats for 
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manufacturing'purposes. Under tke head of beef and mutton tallow is 
included the fat of other ruminants besides that of the ox and the sheep. 
Russian^ tallow consists-mainly of the fat of oxen that are fed for the greater 
p'art of the year on dry food, which it is well known.tends to increase the 
firmness of th^fat of animals. Russian tallow has had the credit of having 
been melted arid packed with more than ordinary care; it is imported in 
casks %dorned with various cabalistic brands, end although neither these nor 
the celebrated PYC mark could always be depended on as a guarantee of 
quality*, yet this particular description of tallow.has for many years enjoyed 
a very high reputation (in soijie degree deservedly so), which it still retains 
to a xreat extent. Very large quantities of botli beef and mutton tallow are 
now, however, received from Australia of a much better quality than was the 
case'softe years "ngo, so that the difference between theJe and the Russian 
is in many cases scarcelydistiuguishable. 

As regards chemical composition, tallow and lard are very similar, con¬ 
sisting of the glycerides bf stearic, oleic, anti palmitic acids, olein and 
stearin being the chief constituents. Tallow generally contains some.free 
fatty acid, t in- aruoulit, when the tallow is not adulterated, depending to a 
great extent on its age. _ . . . 

Since the establish merit of the enormous trade now carried on in factitious 
butters, beef fat i i divided into several qualities, some of which ai-e sold under 
different names, and are not recognised as tallow ; a very tine quality ipelted 
al a low temperature from caul fat is described as “ butter stock, from 
which is obtained by pressure oioo-oi! and oleo-steaiRn, the term tallow being — 
reserved for inferior qualities. . * , 

Tallow usually contains a little water and is liable to be adulterated with 
mineral matters, ns well as with starch, inferior descriptions of fat, and 


especially with cotton-seod steari.i. 

For detecting such admixtures the tallow should be dissolved in light 
petr-' eum or other solvent, and ±he residue, when washed with a little ether 
and dried, should be examined forhtarch, cellular tissue, and other organic 
impurities. Tho mineral substances to bo tnore particularly senrched.for m 
the ash loft after burning off the. organic matter are lime, tho presence of 
which may be due tq admixture with whiting or a lime soap, and phosphate 
of lime, which may have been added in tho form of bone fat. The addition 
of cotton-seed stearin may be detected by tho silver nitrate test as improved 
by Milliau, and also by the iodine, absorption test, a description of boj,h of 

which has already been given (p. 34). . . ... 

In Franc , the method adopted for ascertaining the quality of talldVr is 
•that known as Daliean’s, which depends on the determination of the 
solidifying point of the fatty acids, hichfrom a genuine tallow should not be 
• lower than 44" 0. (in’-F.). The fatty acids may fee separated by saponifying 
the tallow with an alcoholic ;-d«tion*of potash; when the saponification is 
complete the alcohol is evaporated, a«d the residual soap dissolved m hot 
water and decomposed by tlie addition qf sulphuric acid; after being well 
boiled with water the fatty acids are collected and filtered through paper. 
It has toon found that when the solidifying pointris 44 0 C. (111 *.) the per¬ 
centage of solid f.,ty a*id (stearic) in the tallow amounts to 47.5 per cent.;; it 
the solidifying point is as low as 40.° 0 . (104 0 F.) the-solid fatty acids m the 
. tallow will not be rribre than 35.15 per cent.; whilst if the ^oliddying point 
*13 a! high as . a 0 .*( 122° F.) the solid fatty acids will amoupt to 7 5 .05 per cent., 

' and there is a table showing the percentage of fatty acids for intermediate 
temperatures. Finkener remarks tllat accuracy can only be attained by the 
use of a considerable quantity of fatty acids and by very sow boo ing, an 
he recommends the employment, of a globular flask 45 ml “- m diameter, 
carrying a thermometej- having its bulb in the centre of the flask, which is to 
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be surrounded with wadding and allowed to cool slowly. Ih this way it is 
stated that the thermometer will remain stationary at thd solidifying point 
for t6n minutes. . 

In refining or “ rendering ” tallow, as it is termed, the cells eontainirig 
the fatty matter are burst by the agency of heat, and tho panicles of melted 
fat flow together. This is .sometimes effected by putting tlfe tallow (cut in 
pieces) together with a little water in an opon vessef placed over a &ip ; the 
mass is kept stirred up, and as the oil exudes the membranous tissue gradually 
shrinks and collects together; this, after being put into bags and subjected 
to pressure, forms tiie greaves or cracklings laf ( -gely.used for feeding dogs. A 
further amount of tallow may be obtained from this mass by treating itgwith 
some solvent, such as light petroleum or carbon bisulphide. Boiling the fat 
in open vessels gives rise to objectionable fumes, and is pot so elUSStual as 
using a closed boiler to which steam is admitted for several hour's at a 
pressure of 50-75 lbs. on tho square inch. Tim rendering is sometimes 
carried out in a loosely cldsed load-lined tank ' by boiling with steam at 
tho prdinary pressure, together with water containing a small quantity of 
sulphuric acid. ’ • 

Besides Russian and Australian tallow, a large quantity of beef tallow is , 
imported from ltio.de la Pleta. Tallow oil or tallow olein is obtained Ip- 
subjecting tallow to hydraulic pressure ;*■ it has a sp. gr. of about 0.916, and 
remajns liquid until the temperature is reduced to 6° 0 . (43“ F.). 

Bone tallow or grease is prepared by boiling bones in an open vessel fin- 
twenty-four hours and "skimming off the welted grease as it rises to the 
surface, or tho bones are subjected id the action of steam in a closed vessel at 
a temperature of 138°—143" <!. (280 -290 If.) for about three-quarters of 
an hour. “ Bone oil ” is a different material, obtained by condensing the 
volatile products evolved in the calcination of bones for tho purpose of 
making animal charcoal, in which operation the gelatinous tissues are 
decomposed, resulting in the production pi a very dark coloured oil of 
unpleasant odour. * 

Lard is the fat of swine, the 1 quality of which depends not only on its 
purity but also on the part of the animal from which it is taken. The best 
lard (leaf lard) consists of tho fat that surrounds the Ijidueys, the caul fat, 
and the fat that lies underneath the skin,which is iirmer and less easily 
melted than the fat obtained from the abdominal viscera. Bladder lard 
should be of the best quality, molting at about, 40” (J. (105° F.), whilst the 
unselocted fat, sometimes termed keg lard, melts at about 32" (J. (90" T'Y). 
Nefltral fat, made from’the leaf fat of newly slaughtered animals, contains 
scarcely any free fatty acid, and is chiefly used in the manufacture of butter* 
substitutes. ‘ . ° , 

Lard is liable to bo,adulterated with the same class of substances as* 
tallow, and to a still greater extent frith, rotten-seed stearin, which not 
unusually varies in quantity from 15,to 50 per cent. To such an extent is 
this the case, and so thoroughly is this admixture a rec&guised fact, that 
some of the largest American manufacturers of lard have abandoned the 
term refined lard as applied to tliift mixture, and have substituted that of 
“compound” lard. r 1 

(lood American lard should,contain salt, and less -than' r per eent. of 

water. , , * ■ , 

The annual production of lard in tdie United States "has been ^stimhtea 
at upwards of 250,000 tons, about one-half of which is “compound” lard; 
the exports amount to 147,000 tons, 4c) per cent, of which is compound lard, 
which, supposing it to contain 25 per cent, of cotton-seed stearin, would 
account for the disposal of a very large proportion of the cotton-seed oil 
produced. 
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Lard oil is -the limpid and nearly colourless oil obtained by subjecting 
iard to pressure, the more solid portions which are left behind constituting 
what ;known as “ lapd stearin”; the proportion which the oil exposed 
bears to the stearin depends to a great extent on the,temperature at which 
the pressure t^ros place. Lard oil consists #f olein with variable proportions 
of palmitin anA stgarin. Its sp. gr. is about 0.915 at 15.5 0 . 0 . (60° F.). 

It is Chiefly used in tflis country as a lubricant, but it is employed in 
Amor&irfor lighthouse lamps. It is liable to he adulterated with a variety 
of oilspf vegetable origin, such as cotton-seed,oil, rape oil, arachis oil, and 
cocoa nut Olein, and • i^ consequently necessary that samples under exami¬ 
nation should be subjected £0 most of the tests given for oils and fats, 
attofftiou being particularly directed to tlie spectroscopic observation for 
absorption bund^ inasmuch as a genuino .oil should gtvo no trnoe of such 
bands?; the iodine absorption test and Milliau’s silver nitrate tost for 
cottar seed oil are al-o of especial service in the examination of lard oil. 

While Oil—Traip Oil. -The use of this?oil for illuminating purposes 
1ms of latp years diminished 1.1 such an extent that, as regards this parti¬ 
cular applic.iiion, I Ifc oil cannot bo considered as possessing nearly the same 
importance ns was formerly the case, mineral oils having been to a great 
extent substituted fol it. The term whale is frefjuentljjused in a somewhat 
fudofimte mama r, as represen(,ing*any marine animal belonging to the order 
Cetacea-, one o, . lie true dolphins, DeJjjhini. s' tursio, which is about 8 Jeet in 
hmgili, being sometime-; described as a small bottle-nosed whalo. 

Tho whales producing whalebone belong to tffe sub-order Mystacoceti, , 
and the toothed whales to the sub-ordffr Odontoeeti. 

Under Mystacooeti are included tho Greenland or Arctic right whale 
(IltihcHU iiij/atirntius), belonging to tho polar seas; it is 40-50 foet in 
length, and yields the largest mount of oil. The southern right whale 
(HuIiiim aunt ml is), of which there are several species, inhabits tho temperate 
sea.- of both tho northern and southern hemispheres. Tho humpbacked 
whale (Jlahnwjiti’m hoojm) is found in the North*Atlantic and North anil 
South Faciflc Oceans. The rorqual or (in wlialo, belonging to the genus 
Balicnoptera, is found in all seas except in tho Arctic and Antarctic regions, 
tlie common rorqual (II. vnmcutii^ being 65 70 foot in length. The blue 
ivhale (/iaUeno/ilcrii xiblnUdu) is tlie largest of all known animals, attaining a 
length of So 85 feet, 

TUp blubber, which consists of the dense fat several inches in thickness, 
lying beneath tlie skin, is cut in pieces, anil stowed away in tho oil tanks, 
and the oil subsequently extracted by boiling with water. Tho aitttnal 
mattors attached to the fjluhber undergo incipient decomposition during 
the voyage, and Jhit;, although it a. .-iststho extraction of tho oil by causing 
Rie collul'ii' tissue of tlie blubber tf* become so -disintegrated that the oil 
readily exudes, produces at iljp sailie time a very nauseous odour, arising 
from th Jormatioi of a glyceride, of ynleiic acid. 

The term train oil properly belongs to the oil obtained from the Green¬ 
land wlr.de, brl, 10 is commonly used in a much wider sense, including the 
oil derived from any of the ljiaripo n&mmals, a*id is sometimes appiiod to 
certain fishg'i' * % j 

The oilli* headed .to the tempi^fature olj boiling water, in order to sepa¬ 
rate tho impurities held in suspension, which after standipg for some time 
arj deposit- , thli oil when clear being drawn oil'. gV Greenland whale 
will on an average yield about 15 tons of nil and 15 cwt. of whalebone. 
Owing to the large number of ship* engaged in the trade, and the greater 
ease with which the animalskai 0 now caught by means of harpootis tired from 
r gun, the number of th«se marine ugunmals is gradually decreasing. 
The sp. gr. of whale oil varies frtfm 0.920 to 0.931, and its chemical 
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constitution is of, a somewhat indefinite character. Besides other glycerides, 
it contains variable proportions of a glyceride of valeric acid.- 

To the sub-order Odontoceti belongs the sperm .whqle ( Phyaet& 'macro- 
cephalns), to which aljusion has already been made afi yielding spermaceti. 
The sperm whale is captured in,all tropical seas, and as much as 60 barrels 
of oil (equal to 10 tons) is sometimes obtained from a,single whale. The 
oil is procured from the cavities in the head and also' from the blubber^ which 
is sometimes as much as 18 inches in thickness. Sperm oil has a'very lqw 
sp.gr., 0.879- 0.884,. at 15^5” C. (60° F.). It has very little tendency to 
become rancid, and its viscosity is but slightly t ,altes;ediby variations in tem¬ 
perature. It is one of the finest oils for lubricating light machinery running 
at high velocities, such as the spindles of Cotton machinery. The price it 
commands is still 1 comparatively high; this has, however, been‘greatly 
reduced witbin the last ten years, owing to the competition of choapfir oils. 
Sperm oil is not a glyceride, but yields on saponification with caustic potash 
some of the higher alcohols, bhiefiy dodecatyl alcohol, together with bleate, as 
other salts of potash. By agitating the saponified product with ef her, these 
higher alcohols are dissolved, and may bo separated by drawing off the 
ethereal solution and evaporating tho ether. One of the acids occurring in 
sperm oil, physetqleic acidi C 16 H 30 O„ is identical in composition with 
hypogmic acid, but differs from it in not yielding scbacic acid on destructive 
distil|)xtion. 

An oil of very similar character to sperm oil is obtained from the Dccgling, 
or bottle-nosed whale, kifown in commerce as Arctic sperm oil. This whale 
(l/yperoodon rostratus) abounds in summer in the northern seas, yielding 
an oil which is nearly equal to sperm in its lubricating properties. It is 
only within the last eight or nine years that much attention has been paid 
to this oil, which originally commanded a high price, but its value lins since 
fallen to one-third of that formerly obtained for it. As regards its chemical 
composition, the results produced by the application of the usual tests so 
closely resemble those obtained from speirn oil, that practically the two oils 
are scarcely distinguishable from each other. It consists chiefly of an 
ethereal salt of a higher monatomic alcohol, dodecatyl dccglate, and yields 
on saponification dodecatyl alcohol, C,„H M .OH, and dccglie acid, (J II 30 O,. 

Sperm oil is very liable to bo adulterated with lower-priced oils, and 
honce it is necessary that commercial samples should be subjected to a very 
careful examination on th% following points:—1. Specific gravity, and 
viscosity at different temperatures. 2. Its saponification equivalent should 
be "determined; that of sperm and bottle-nose oils being considerably 
higher (with tho .exception of some samples of'shark-liver oil) than other * 
oils that are likely to bo employed it, adulterating sperm: fjperm or dmgling 
oil only requires from 12,3 to 14.3 percent, of potash, JvOIl, for complete • 
saponification, whilst the fixed oils geherally require from 17 to 19.7 per cent. 

3. The amount of the constituents in^the products of saponification capable 
of being dissolved by ether should also be ascertained, and'tlie character of 
the residue left on evaporation of the ether investigated. Spernr oil does 
not usually yield more thaif from 6 o'io 63 pe$ cent, of insoluble fatly acids, 
and about 41 per cent, of ether Residue, whilst aniyal and vegetable oils, 
with very few exceptions, yield about 9s,per cent, of .insoluble fatty acids, 
and not more than about 2 per cent, soluble in ether. 1 , 

Seal Oil is obtained from the blubber of several spebies of Phoca, the* 
capture of which forms one of the most important industries, of Newfound¬ 
land. The seals resort to the ice-fields, in February when the young seals 
commence their existence, and where they remain for about six weeks, and ' 
then take to the water. The yoyng sedls are jtaken when they are about 
four or five weeks old, by which time the skin and fat will weigh from 
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40 to ,50 lbs., the fat beneath the sMn being three or fou? inches in thick¬ 
ness. Seals m&y be dividod from a commercial point of view into two 
kinds-*-Hair seals aryl Fur seals. The Hair seals do not possess the close 
velvety short fur that renders the Fur seals so valuable; the skins of 
the Hair sealftt being simply converted inte leather. The skins, and the 
blubber, which Sun*>un(js the entire body, are removed while the animal is 
still warm. The remainder of the carcase i; not of sufficient value to be 
wfirth carriage. The blubber is romoved from the skin and piled up in large 
vats with perforated sides, through which the.oil which exudes from the 
pressure of the mass*passcs fhto lead-lined wooden tanks. Aftor several 
weel* the quantity of this oil (wjlich is of the finest description, and known 
as palo seal oil), will amount to as much as from 50 to 70 per cent, of the 
entire. Quantity. * The blubber is then cut ir» pieces by machinery and boiled 
with water or steamed to extract the remainder of the oil, which after 
bleathinv by exposure to the sun in glass-covered tanks is barrelled off for 
exportation. . ' • 

Seal off consists of the glycerides of stearief palmitic, and physetoleic acid, 
together with a small quantity of oleic and valeric acids. It has usually a 
sp. gr. of about 0.924-0.929, but is sometimes lower than 0.924. It is 
employed for burning in lamps as well as oth#r purposes, and is said to be 
used for the o-lu'U-iution of cod-lifer oil. 

Shark-liver Oil.—Shark oil.—Tlie basking shark ( Selache maxima) is 
ttio largest fish in the North Atlantic ocean, attaining a length of 30 feet. 

It is taken on the coast of Norway and on the west coast of Ireland, but the . 
number is considered to be diminishing* The liver yields a very large quantity 
of oil, as much as from 150 to 240 gallons being obtainable from a single 
fisli. This oil is frequently stated to have a very low density,0.870 to 0.880, 
but it is probable that the samples from the examination of which such 
numbers were obtained were adulterated. The sp. gr. of a genuine • oil is 
state 1 by Allen (who took symo trouble in the determination of this 
point) to be from 0.911 to 0.920 "This oil contains a large proportion of 
unsaponifiablo matter, consisting to a greift extent of cbolestt'ol (cholrestin), 
and consequently, after treating with alkali, leaves a large amount of residue 
soluble in ether. The oil is said Us bo used us au adulterant of cod-liver oil, 
and to be sometimes passed off as such. 

Menhaden Oil is obtained from Atom menhaden , a fish foand on the 
Atlantic coast of North Amorica, and allied 8b the Jierring, the chad, and 
the pilchard. It migrates in shoals from the Gulf stream, reaching Jhe 
coast of New Jersey in Aprjl, and that of Maine in May or June, remaining 
there until Octobr: or November. The fish is about 12. inches in length, 
and is caught ill seines. To obtain the dll the fish are boiled with steam for 
about twenty minutes, £fnd then subjected to pressure. The oil is placed iu 
settling tanks, a”d when the «nali!qp held in suspension has had time to 
deposit, is drawn off and filtered. The oil, which has a sp. gr. of 0.927 
to 0.933, is used "for burning in miners’, lamps and for dressing leather, and 
also, as it possesses drying properties, for adulterating linseed oil. The 
valuable properties of this oil have not been generally recognised until 
within the Just *,. \v v%ars. It is stated that the fish are converted into 
American sarSiueft • 
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STEARIN E. 


BY 

john McArthur.. 

SteaIiine, in a chemical sense, is the name of the ethereal salt glycerin, ' 
present in all neutral animal fats. Industrially and commercially, it is 
applied to the solid mixture of fatty acids, principally palmitic and stearic, 
obtained in the decomposition of fats, p.nd employed for the making o*f 
candles, but the name more correctly describes the hard fat obtained from 
neutrfl fats by pressing, and 'is occasionally used in this sense. * 

The stearine industrjtowes its origin to the researches of Chevreul on 
the constitution of fatty compounds, f.nd the action of alkalies and acids on 
them; these researches were commenced in 1811, and completely published 
in 1823, under the title of “ llecherches Ohimiques sur les Corps Gras 
d’Origine Animale.” It is to others, however, that the honour is duo of having 
successfully carried out the industrial application of Chevreul’s discoveries. 

From the many names of those who have assisted in the development 
and advancement of this .industry, those of M. de Milly in France, and Mr. 
G. F. Wilson, F.R.S., of Price’s J atent Candle Company, in this country, 
may btf'mentioned as deserving of spocial notice. 

Prior, to the publication of Chevreul’s investigations, Braconnot had 
proved that fats consisted of a solid and a liquid part; Cut it was generally 
supposed that these components were simple substances, and that when the 
fat was acted on by an alkaji, as in the making of soap, direct union of 
the alkali and the fatty body took place. Chevreul showed, however, that 
fats .are really compound substances, yielding, on saponification, fatty acids, 
which combine with the alkali, whilst glycerin at glycerol is liberated. He 
showed further, that the fatty acids, resulting from tke decomposition of 
•the soap, had a higher melting pointy than the iptty compound whence 
they were derived; which‘was’a consideration of much importance, when the 
adds were to be employed for the making of* candles. Their value was also 
increased by the removal of the glycerin. . 

Chevreul no doubt realised the industrial importance of his discoveries, 
and in. January 1825, conjointly with Gay-Lussac, he applied for a patent 
dealing with the decomposition of fats, dnd ‘the employment of the fatty 
adds for the making of candles; this prooess consisted in,the eaponilication 
of the fat with caustic soda or pfttash, anil the use of alcohol for the separa¬ 
tion of the fattyacids. Candles made,from the fatty adds, however, were 
very inferior as regards their burning, and the process was nqver carried out 
industrially.; Another process, patented a few months later in the name of 
Moses Poolq * but attributed to Gay-Lussac, wa^also unsuccessful practically. 
It consisted iq the saponification of the fat by an alkali, and the distillation 

• 

* Eng. Pateat, No, 5183, 1825., • 
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swal pressing of- the fatty acids. Afcnit the game tune, Cwnbaoirte aim 
.Wtelm unsuccessful attempt to prepare fatty acids suitable for candies. 

To de Millyand Motard the credit is due of overcoming the practical 
and establishing this important industry op a satisfaotray basis. 
In 1831, they-made known their prooess of lime saponification, and having 
parted a fftctoiyrfor^canring it out, were able to produce their “.Bougies de 
l’itoilej” the name by wnich the candles of M. deMilly's firm, are still known. 

. 'TOE RAW MATERIALS EMBLOEBD, AND THEIR 

* * Valuation. 

Tfte principal fats employed are tallow, palm oil, and grease of various 
kinds; the last nigmed includes, besides “ melted ” fats, an'l others of a similar 
nature’, the solid part from the pressing of animal fats, known as “grease 
stearine.” At the commencement of the industry, and for Borne time after¬ 
wards, tallow alpfie was nsdd, but it became possible, by means of processes 
afterwards^discovered, to work on lower doss aaid strongly coloured fats,.and 
' obtain from them stRnrine of good quality. . 

Neutral animal fats consist substantially of tri-steai-in and tn-olem, and 
palm oil, of tri-palmitin and tri-olein. • • 

The following table gives the‘percentages of glycenn and fatty acids 
theoretically obtainable from tho three glycerides named. • 


« 

Compound. 

Formula. • 

* 

Molecular 

Weight. 

» 

Glycerin. 

Fatty 

Adda. 

Total 

Yield. 

Tri-palmitin . . 

Tri-stearin .... 
Tri-olein .... 


806 
| 8*4 

11.41 
10.34 

10.41 

I 95-29 
95-73 
95 - 7 ° 

106.70 

106.07 

106.11 


The value of a fat to the stearins manufacturer obviously depends on 
the percentage of solid acids which it w*ll yield, at the same timp it is 
important that it should be capable of yielding a large percentage of 
glycerin. The colour and smell tyve also to be considered, when the fat 
is intended for the disking of “ saponified ” stearine. • 

The setting point of the fatty acids (or “titre,” as it is commercially 
called), when taken in connection with the ijpsults of the manufacturing 
process, affords the means of estimating the yield eff stearine obtainable. 
For its determination, the fatty acids are first obtained by saponifying 0 
small quantity of the fat, iif a porcelain basin, by means of alcoholic potash, 
dissolving the spap .in water, and decomposing it, by heating with dilute 
Wilphuric acid. ’After,washing and drying, the melted fatty acids an 
transferred to a narrow test-tube, and stirred with a delicately graduatec 
thermometer, unti’ a point is imchetf when the mercury in the thermometei 
remains stationary for some seconds, winch is recorded as the “ setting point. 

The theoretical yield of glycerin maf bo obtained from a determinatioi 
of the percentage of neutral fat, The dteutral fat^or rather the acid fat) taa; 
beconveniently pstimateJ 1 v titrating, with a standard alcoholic solution o 
alkali in presence.of pRenolphtbalein, a known weight of the raw material 
•dissolved in a mixture of alcohol ana light petroleum. From the quantity c 
re,na.i; used, the flttty i--.ds are tabulated, and the neuthal fat taken b 
difference. By, means of the table given above, the glycerin correspondin 
to the percentage of neutral fat present may be found. When the present 
•wt -non-aapo nifiab le matter jn the fat is suspected, other means must t 
adopted to, the determination of’ the neutral fat; for a description' < 
these, we would refer to analytical works on the subject. 
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[’EM OONVFESION OF NBITTBATi FATS INTO FATTY ACIDlfc 

three methods may be used for obtaining fatty acids from neutral fate: 

I. By saponification with lime or other base. , • 

II, By decomposition with water alone, c 1 

III. By* decomposition with sulphuric acid, generally followed^by dis¬ 
tillation. " « 

I. Saponification with Lime,. ‘ ’ 

( 

Two different processes of saponification are or have been used, i 
A. At the Ordinary Pressure .—This is' the process introduced ,by MM. ■ 
ie Milly and Motard, and formerly extensively used in mdst countries ; it is 
bow employed to a very limited extent only, if at all.' The vessel used, Fig. 14, 
consists of a large wooden vat A, generally lined with lead, aijd capable 
of saponifying from one to five tons of fat. It is provided with a steam pipe, 


Fiq. 14. 



Apparatus for Limo Saponification (section and plan). 


which reaches to the bottomof the vat, and terminates in a perforated coil. 

A strong shaft B, carrying four arms C, is supported in the centre of the 
vatf,*and set in motion, generally by steam powqr. Formerly, the necessary ^ 
mining was done,by hand, by means of strong wooden staves. The fat— 
tallow, for instance—is introduced'with about its own weight of water, ami 
the steam turned on. A- quantity,of‘lime corresponding to from 14 to 15 
per cent, of the fat, is then made intc^’a “milk” with water, and added to 
the melted tallow. The quantity o£ lime, theoretically required for the 
saponification (assuming the tallqw to he composed 01 equal parts of 
tri-stearin and tri-olein) is only 9^7 per cent .; but although a smaller 
quantity than 14 per cent.* might be used, it is necessary to have a Bonsider- 
able quantity in excess of the theoretical amount, it order to allow for the 
impurities which the liine always, contains, and to ensure cbmplete saponifica¬ 
tion. The milk,of lime having been added, the saponififiation commence* at*’ 
once, and is facilitated by the mixing. The passing of the steam is eentiaued 
throughout .the operation, which is generally complete after about eight 
hours, when the nine soap appears as *a hard white mass. After having* 
been allowed! to cool, the dark-coloured glyoerin water (or “sweet water, 
as it is technically called in this country) is run off, by means of a stopoock' 
inserted at the bottom of the vat, and the lime; soap, when'it has been 
«. 4 ‘ 








up, i* ready,for deeompos&oia When wooden T^aare 
ibenof lead-lined, it is necessary to transfer the lime eoa^ to e epemw wed 
for its. deaompwition. The deoompowtionia effected. by*Bul- 
Zio Sof about*i.2o sp. gr, the quantity required being considerably 
greater than that theoretically necessary for the lime present. 

\Siter the addition of the acid, the agitator »s set in motion, the steam 
bufned on, and the heating continued until the soap is completely deoom- 
po*id. Xho liberated fatty adds rise to the surface, whilst the sulphate of 
Ume is precipitated. The former are transferred to a lead-lined tank, in 
which they are washed, first fith acidified water, and then several times 
with nnre water, in order to remove the last traces of sulphuric acid. They 
are then ready for crystallisation ' 
and pressing, o% for further 
treatment by the processes to be 
described. 

This ifiethod, is attended by 
several disadvantages, principally 
’dug to the large quantity of lime 
required for the saponification. 

Tfye “sweet water” cannot bo 
completely removed, the brea ring 
up of the lime soap is trouble- 
so0ie, and the cost of the acid 
necessary for its decomposition is 
considerable. Besides, the large 
mass of insoluble sulphate of 
lime formed retains some of the 
fatty acids, which can never be 
completely recovered. 

B. At a Hiij.'i Pressure, with , 
a small quantity of Lime. —The 
early stearine manufacturers, 
realising the disadvantages of 
their lime saponification process, 
made many attempts to improve 
it, especially in the direction of 
reducing the quantity of lime 
required. As early as 1834, 

MM. de Milly and Moiaid, en¬ 
deavoured to effect the decompo- 
—thii nn uf fats in autoclave, but 
“it was not until 1855 thitt M. de 

Milly, by the addition of a ear-* , . , 

tain reduced percentage of lime, succeeded in carrying out the process indus¬ 
trially * This process, with but few unifications of importance, is now 

perhaps more extensively tmployed than any other. 

The vessel used, Kg. 1S. is enstruoted on the principleof Papm s digester. 
It is made of copper, cylindrical in form, dome-shaped at both ends, and 

4 sufficiently laree W decompose from«one to three tonsbf fat in one operation. 
*The thickness of tMe mrfal depends on the diameter of.the vessel, and 

Ibe presume to winch it is to be subjected, but it generally ranges from 
v about hi to I ifleh. The vessel rests upon a substantial support, and ti 

5 enclosed, throughout nearly its entire length, within a brickwork chamber 

j> with the object of preventing loss of, heat, and allowing easy qccess for snj 
y necessary repairs. * , ' 

• t Eng. Patent., No, 2740,1856. 



M. de Billy's Autoclave. 
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SXS, and « provided with a stopcock, tfhe Ime »tbe* 

»*• *“” ik ; B i^tsn‘uat%l4S. 

having been closed, high pressure steam is 
passed in through the pipe B, which extends 
to within Vn inch or two of the bottom ot 
the vessel. The pressure gradually rises, 
and is maintained at about eight atmo- . 
spheres (atmosphere excluded), correspond¬ 
ing to a temperature of 175° 0 . (348 i .) 
until the decomposition is coitfideftd to 
be practically complete.. The heating is 
continued for from four to' five hours, 
sometimes for eight hours, but even the 
longer period does not complete the de¬ 
composition, a few per cent, of neutral fat 
remaining undecomposed. The steam is 
generally allowed to escape, to some ex¬ 
tent, in order to promote the mixing of 
the materials. The pressure is indicated 
bv the gauge B, and is prevented from 
exceeding the limits of safety by the valve 
A. The lime combines with part ot the 
fatty acids to form a lime soap, but the 
bulk of the fatty acids is in the free slate, 
the glyeerin remaining dissolved in the 

water. , 

* When the decomposition has been 
completed as far as possible, the steam is 
turned off, the temperature allowed to 
fall a little, the two-way cock C, opened, 
and the “sweet water" blown into a re¬ 
ceiving tank. When the “ sweet -water 
has been removed, the stopcock is again 
turned, and the mixture of fatty acids 
o and lime soap is blown into an iron vessel 
° lined with lead. ’ 

, ''Some autoclaves are provided with 
0 B3 piptfonly, fitted with a T-piece, which 
serves for the discharge of the mixture 
, as well as for the introduction of the 
rteam. In some cases the whole con¬ 
tents 1 arrf blown into pne tank, and the 
“sweet water'" afterwards separated 



Autoclave with Mechanical Agitator, 


“Sweet water — r-- 
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fatty *ck(s, alter having been washld with water, ate rdbdy lor further 
treatment* * • , 

Many different theories have been advanced in order to explain the pro¬ 
cess of saponification with an insufficiency of lime, as )ust described. Some 
authorities suppose that the decomposition of the fat takes place in several 
stages, a basic soap being at first formed, which is decomposed by the water 
into ate apid soap; the free lime, liberated for the moment, being then 
capable of acting on another quantity of neutral fat, &c. It seems more 
ptebahlb, however, that the decomposition of the fat is effected by the water 
akme, and that the prescribe of the lime merely facilitates the operation, by 
reducing the affinity of the fatty Acids for the glycerin. 

In this process of saponification, other bases are sometimes substituted 
for the lime. Hydrate of magnesia and oxide of zinc may be used with 
success. They are both more costly than lime, but, as weaker bases, they do 
not ‘darken the fat to the same extent as limg, and they possess the great 
advantage of yielding “soaps” which are readily decomposed by add, with 
formation 6f soluble gaits; at the same time tfie loss of fatty acids is reduced. 


lie. 17. 



L. Drome's Horizontal Autoclave with M^lsanie^l Agitator. 


Such substances as carbonate of magnesia, chalk, talc, &c., which arein- 
—’tended to act merely as “ mechanical agents for opening up the molecules of 
the fat, and breaking through the albuminous film surrormding the saml,” 
'•''ihive been patented by A. Marix,* aa substitutes for lime and other bases. 
Various modifications of M. de Lilly's autoclaVe have been from time to 
time proposed, the most impoittot being those which provide for the mixing 
of the contents pf the vessel by mechanical means, some manufacturers 
believing tbat more perfect decomposition of the fat is thereby obtained. 

Pig. 16 shows an autoclave constructed on this principle by P. Morane. 

In the centre of |he vessel a cylinder of copper is*fixed, which is open below 
and dosed abepe, wijh'tbe exception of numerous perforations. Within the 
cylinder a stiiror & made to revolvd*, and, while doing so, an upward move¬ 
ment is communicated *0 the contents of the autoclaye, which conveys them 
through 4 he perforations of the cylinder. They are thus distributed, in the 
form of a spray* upon the sides of thj autoclave, and flowing down, are again 
•conveyed through the cylinder as before. In this way a constant agitation 
of the whole contents is maintained.* . « 

L, Droux has devised a Horizontal Autoclave, Pig. X 7 » with an arrange- 
• • Bug. Patent, No. 2349,1883 
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ment for mechanical mixing, which is t in use in certain factories. It poniists 
of a cylindrical oopper vessel, dome-shaped at both ends, like'De Milly’s. The 
“ charge,” composed of fat, water, and lime, is introduced through thepipe A. 
Steam is then passed in from the boiler B, entering the autoclave on its 
lower side by the pipes C and O', and the stopcock at D is,opened to allow 
the air to escape. The agitator, which consists of a* strong copper Bhaft 
running from end to end of the vessel, and provided with eight paddles, is then 
set in motion by the pulley E, and made to revolve at the rate of about thirty 
revolutions per minute, the agitation being continued to the end of the opera¬ 
tion ; the pressure is regulated by the indications of the gauge F, and by 
the safety-valve G. When the saponification is supposed to be complete, 
the steam is turned off, the agitation stopped, and the contents blown out 
by the pipe H, into a suitable receiving vessel, where they,ire separated, and 
the soap decomposed. 

L. Droux has devised also a spherical autoclave ; the mixing of the- con¬ 
tents is provided for by an agitator constructed on, the principle of the one 
just described. c . 


II. Decomposition by means of Water alone. 


That decomposition of a*neutral fat by water alone is possible chemically, 
is shown by the following equation, which represents tho reaction with tri- 
stearin : 


C,H s (C 19 H 1s O,)^+ 3 ii ,0 - C,H s (OH), + 30 , 8 H m O s . 

Tmtearlu + Water =?. Glycerin + Btearie add. 

Analogous reactions take place with tripalmitin and triolein. 

The decomposition of the fat with water may be effected in two ways: 


A. Heating under Pressure. 

Tilghman, in America, was the first to discover, in 1854, that water 
under pressure is capable of dissociating neutral fats. Later in the same 
year, the fact was made known by Bertholot, in France, and by Melsens, in 
Belgium. Berthelot confined his attrition to the scientific side of the 
discovery, whilst Tjjghman endeavoured to apply it industrially. 

Tilghman's Apparatus,* Fig. 18, consists of a digester A, in which the 
fat, with about half itp weight of water, is kept in an emulsified condition 
by the action of the perforated piston B. The pump C forces the emulsion 
oflf&t and water through the coils of iron pipe I), which are enclosed within 
tho chamber E, tfee latter being heated by the fire F, to the “ melting point 
of lead,” 334 0 0 . (633° F.). The heating of a given quantity of the mixtufe 
is continued for about ten* minutes, a valve atG preventing the escape of the 
contents. The pump is then set in, motion, the valve opened, and the 
contents, as they flow out, are cooled by passing through tlyj worm G, and led 
through the pipe If to a suitable receiving vessel, where the fatty acids are 
separated from the “sweet water.” , Another quantity of fat and water is 
then subjected to the samt treatment. This form of apparatus, on account 
of its many obvious defects, and the enormous pressure at .which it was 
worked, was soon abandoned. , 

Melsens' Apparatus f consists of a horizontal boiler-sh&ped vessel^of irorq 
lined with lead, which is heated in a carefully regulated furnace. The 
mixture 0>f fat and water is raised to a temperature of from 170°-205° 0. 
(340°~400°,F.), special means being employed to maintain the intimate 
t contact of the two substances. The addition t,o the water of a quantity! pf 
* Eng. Patent, No. 47, 1854. * t Eug. ITo. 2666, 1854.. 
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sulphtyic acid, c6rre«ponding with i to 10 per cent, of the fat, facilitates the 
decomposition. • This apparatus, although of more practical construction 
than Tilghman’s, and, capable of yielding fatty acids of better colour, was 
alAo abandoned, on account of the rapid destruction of*the lead lining. 

"Wright and. Louche,* Renner,f De Roubaix, in 1866, and L. Droux, in 
the same year,’also brought forward special forms of apparatus; but 
this process of aqueous decomposition 1ms not hitherto met with much 
fawour among stearino manufacturers, principally on account of the 
strict(lml defects of the apparatus, and the-cunsequent danger attending 
the use of the vessels* at* thejhigh pressure to which they are necessarily 
subjected. t 

Lately, howeyer, with • the advance of mechanical science, these defects 
have to ft great extent been remedied. Two forms of apparatus, tliose of 
L. Hugues and A. Michel, aro now used in certain factories, and deserve 
notice. 

Fig. 18. 



Tilghman's Apparatus for the Decomposition of Fats by Water. 

L. llugves’ Apparatus^ ip shown in Fig. ig: the figure represents afso 
^he mode in which t^ic superfluous steamers utilised for ttie concentration 
-.5 “sweet water?” The autoclave A, made of very thick copper, is 
cylindrical in form, and bf the samej;ew.ral construction as M. de Miliy’s. 

It is sufficiently Inigo to decompose about one ton of fat in each operation. 
The fat and water having been introduced, high pressure steam is passed in 
through the pipe*1), which descends to the bottom of the vessel, and is sur¬ 
rounded by a tube through which the contents are carried upwards, and 
their cmflilntirn thus assisted. • * 

The steam .is * supphod lrom an independent boiler, and the pressure 
within tho aKoclive "is autoinatidMly regulated, and kept at about 14 
^mqppheres for sis*or seven hours* Agitation of. the contents of the 
autoclave, is promoted also by allowing the steam to circulate quietly- 
through the apparatus during the decomposition. 

• The steam leaves the autoclave by the pipe E, and is corylensed by 
passipg throw vh a v’orcn withih the condenser B, the water formed running > 

• • 

• Eng. Piiteut, No. 894, 1857. * t Enp. Patent, No. 1014, 1866. 

t Eng. Patefit, 6562, 1885 ; Fig. t, of the Bpociii cation, • • 
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T at F, the stopcock there being ysed to control the' passage of the 
earn. ' . • 

Meanwhile, a regulated volume of “sweet water,”,obtained*frpm the 
seomposition of a jjrevious quantity of fat, flows into a pipe at J, and 
iter having been heated by passing through the vessel C, (t flows through 
le pipe G into the condenser B, where it is concentrated to the desired 
>ecifie gravity, and then run off from below. The steam resulting from 
le evaporation of the “ sweet water” is led through the pipe H, tofieat |he 
3ssel C, and the exhaust s(eam allowed to pass off at I. , ■ 


Fig. 19. • 



L. Hnguet' Apparatus for the Decomposition of Fats by Water. 


A. Michel's Apparatus,* Fig. 20, consists of two autoclaves, capable of 
scornposiDg 2 1 tons of fat, and heated by fire-heat alone. 

A mixture of about dive parts of fat and one part of water is supplied 
1 the two autoclaves B, by the monte-jhs A, or by seme similar means 
trough the pipe e. Heat is then applied, and as the pressure within the 
itoelaves risefj, the mixture of fat and water is forced through the pipes 
f (which extend, to the lower part of the autoclaves), to the vessel C.' Tlfe 
unperature of this vessel being lower than that of the autoclaves, the 
fixture becomes colder, descends b)f the pipes, g, g’, and is again carried 
pwards, So that a constant circulation of the*contents of the two autoclaves 
maintained. The pressure-is raised to from 15 to 16 atmospheres, and 

« • Eng. Patent, No. 8403, 18^5. 
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kept at that point for. about eight hours, when the mi Aura is discharged 
into the dosed .vessel D, through the pipe h; after standing for about 
half an.hohr to cause the fatty acids to separate from the “ sweet water,” 
the latter is drawn off, by opening the stopcock i, and received in a suitable 
vessel. The fatty acids pass direct by the pipe j, to £ still for distillation, 
or they may be acidified, & c . 

• The principal advantage of the process of decomposition by Water, under 
pressurS, is economy, as the acid, as well as the base required in the process 
of lime japonifioation, is unnecessary. It is also claimed that tho products 
arb of better quality tljan^hos^ obtained by limd saponification. 

« FlCi. 20. 
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A. Michel’s Apparatus for the»De»omposition of Fats by Water. 


11 . By Superheated Stenm, at the ordinary Atmospheric Pressure. 

In 1841, M. Dubnmfa.it lookout a*patent* for a process, by which fats, 
when heated to their boiling points, in a currentaof steam, could be made to 
yield all the fatty acids which they were capable of producing. He pointed 
out also that *by the aid of steanuthe distillation oculd be carried on at a 
•flower temperature than wit hout it.. 

In ^854, G. If. Wilson and G. Payne patented a processf for effecting the, 
decomposition bf neutral fats, and the distillation of tho resulting glycerin 
• and fatty acids, in one operation by*means of superheated steam, and were 
successful in carrying out the procegs industrially. • 

* tinder tho name nf*Wm. Newton. Fur. I'atent, No. 8834, 1841. 
t ting. Patent, No. 1624,1834. 
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The fat is hgated jn a still like tljose used for. the distillation of fatty- 
acids. The temperature suitable for the decomposition ranges between 
288Vnd 315° C. (550° and 600° F.); if it be lower than 2^8° C. (550! F.), the 
decomposition of the fat and the distillation of the products progress very 
slowly; on the other hand, if it be higher than 315° C. (6oo° c F.), acrolein is 
produced as a decomposition product, and the fatty acids are darkened in 
colour. Thd success of the process depends on tlfe care with which the 
temperature is regulated. The glycerin and fatty acids distil over together, 
and can be afterwards readily separated. t • Ci 

This process is now only of historical interest. , c 

f 

III. Decomposition by means of Sulphuric .Acid. 

The action of sulphuric acid on neutral fats has been investigated by 
many observers. As early as 1777, Achard worked on the subject, and 
noticed that the character of fats treated in this way was .modified. Bra- 
connot also studied the action of sulphuric and nitric acids, ljut it was 
reserved for Ohevreul to show, in 1824, that fats on treatonent vjith sulphuric 
acid, are decomposed into fatty acids and glycerin. The subject was still , 
more fully investigated by Fremy, in 1836, who found that fatty oils, when 
mixed with an equal weight of sulphuric *teid at a low temperature, became 
harder; and from the results of his expeiiments be concluded that sulphuric 
acid, iu decomposing fats, forms sulphonated compounds with the acids df 
the fat and with the gliiaerin, and that these compounds arc decomposed by 
water, more readily on boiling, into fatty acids, glycerin, and sulphuric acid. 

The first attempt to employ this process industrially appears to have been 
made in 1840, by George Gwynne,* distillation in a vacuum being proposed 
for the purification of the fatty acids. The method, however, was not carried 
out commercially. 

In tiie same year, George D. Clark f patented a process for acidifying fats 
11 -ithout distillation, but tjje means employedfor the purification of the fatty 
acids were defective. In both of these processes, the acid was applied to the 
fat at a' low temperature. The process was not industrially successful until 
1S42, when W. C. Jones and G. F. Wilson made known their method J for 
til© distillation of fatty acids in a current of superheated steam. By 
combining the processes of acidification and distillation they were able to 
obtain fatty acids of good colour from oven the darkest fats and oils. Their 
process consisted in limtivg tlie fat with 33 per cent, of sulphuric acid, and 
then,boiling the fatty acids with water. The quantity of acid was subse¬ 
quently reduced to 10, then to 6, and finally te from 3 to 4 per cent, by 
applying it at a tefnperature of 177," C. (350° F.). • . 

General Process .—The process fyere^described wds formerly extensively 
applied to all kinds of dark neutral fajs. It is now, however, confined to 
such raw fats as are capable of yielding only a small quantity of glycerin, 
and, as a process of purification, to fatty acids obtained by lime saponifica¬ 
tion, or aqueous decomposition. 

The fat, after standingofor some time in «the molten state, to aKow the 
suspended impurities to subside, is heated in a vessel, by mdhns of a closed 
steam worm, in order t® remove the watt*', the temperatuft of the fat being 
then raised to the desired point. In most factories the temperature employed , 
ranges from 115* to 121° C. (240° to #50° F.), but in others it is .us high 
as 166° C. (330“ F.). The heated fat is then transferred to the “ acidifier, 1 ’ 
in whioh the first stage of the operation is conducted. This is usually a. 

t « 

• En£. Patent, No. 8423. < t E*g. Patent, No. 8686. 

1 Entr. Patent. No. ocas. 
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boiler-shaped vessel, provided with a mechanical agitator, and is steam- 
jackatdd. > In those factories where a comparatively low temperature is em¬ 
ployed,.the vessel iq, generally constructed of iron, lined with lead: whdhe a 
high temperature is used, the vessel and its connections are made of copper, 
and the fatty .jaatter heated by a coil, through which superheated steam 
circulates. The* vessels vary in size, having a capacity of from one to six 
tons of' fat. * 

. Sulphuric acid, of from i .82 to 1.84 sp. gr., is added to the hot fat. The 
•quantity of arid employed varies from 3 to abouj 6 per cent., according to 
the quality of the fat* ui#d the temperature at which it is applied; it is 
allowed to act generally for from two to five or six hours, the agitation being 
-continued. The first effect of thd addition of the acid is the production of a 
large quantity ofsulphurous acid, which, wi^h other volatile decomposition 
products, is led from the vessel through a pipe where it meets a current of 
water for its absorption, the unabsorbed vapours being afterwards consumed 
in a furnSce, or made to pass to a chimney. Th^fat meanwhile becomes dark 
in colour, with formation of a quantity of black, tarry matter, which remains 
'suspended in the fatty acids. When a high temperature is employed, this 
.solid appears more compact, and settles readily. 

The neutral fatty matter —palm oil, for example—i* converted into a 
mixture of sulpho-palmitie, s ilpho-eleic, and sulpho-glyceric acids; the effect 
is the same when the process is applied to saponified fatty acids, hut, a| the 
nSutral fatty matter present in these is small, little sulpho-glyceric acid is 
formed. • 

After standing at rest for an hour cft two, to allow the tarry mattor to 
settle, the mixture is transferred to another vessel, in which the second 
stage of the operation is carried out. The “ acid bottoms,” remaining in the 
“ acidifier,” are aftorwunls raked out, and the tatty acids retained by them 
allowed to drain away, and added to tho bulk. The second stage of the 
process consists in tho decomposition of tho sulplionated compounds, by 
boiling with acidified water; the vessel in which tl» operation is conducted 
consists of a large, covered, wooden vat, lined with lead, and provide*! with 
a coil for supplying open steam. It contains a quantity of water to which 
some sulphuric acid has been added > this is raised to its boiling point, and 
the acidified material run in, and boiled with the water for from two to 
four hours. Tho boiling not only decomposes the sulplionated compounds, 
but cleanses the matei ial from some of the tar^y matter which often passes 
over from the “ acidifier,” and removes the sulphuric acid present; after 
settling, tho water is rm off, and the fatty acids aVe boiled a second rfme 
► with wator and a little aetd, as before. The water is tjien removed, a»d 
they are ready fep distillation. 

• The objection to this process, as a method .for the decomposition of 
neutral fats, is, that tlm loss of gjyceiln f?i very considerable, and the glycerin 
•obtained is of inferio - quality; it. is fur these reasons that the process is now 
seldom used whsre the recovery of the glycerin is of importance. Tho 
loss of fatty acids, whether the process be applied to raw fats or to fatty 
■acids, is plso considerate, genqjally amounting to«from 3 to 6 per cent., but 
it varies with tb# natury of .he fatty mattor and the conditions of the 
operation. The pfocegs, however, possesses certain advantages, which, in the 
, opinion of some manufacturers, more than compensate for the objections 
Aiarned, leading thdhi .to is -ply it extensively to fatty acids. * 

1. Als increased yield of solid fatty acids is obtained, generally con¬ 
sidered to be due to the formation of a certain quantity of elaldio acid, 
"The yield of stearine obtained from tallow of good quality by lime sapon¬ 
ification, or bj aqueous deqpmposition, amounts to about 45 per cent.; 
but by^the same processes, followed by Acidification and distillation, the yield 
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is raised to about ffom 54 to 58 per cent.; the product, however, from the 
combined processes, has a somewhat lower setting point. ' , * 

2, Dark-coloured fats, like palm oil, and dark greases geneAlly, may 
be employed; when the acidification process is applied'to the fatty adds 
and followed by distillation, a product of better colour is obtained than that 
from distilled fatty acids, which have not been acidified. 

3. The stearine obtained by acidification and distillation (if the former 

process has been properly carried out) is more stable; so that, after*having 
been kept for a year or two, it does not become yellow in colour, greasy to- 
the touch, and “ salvy ” in *smell, as the product frqm lime sapon&catifln 
and aqueous decomposition often does, unless <t be of a comparatively high 
setting point. • • 

De Milly’a Process .—In 1867, M. de Milly suggested a modification 
of the ordinary process of decomposition with sulphuric acid, with the 
object of dispensing with the distillation of at least the bulk of the fetty 
acids. ‘ ' , 

The fat, heated to 120° C.*{248° F.), is run through a wide pipe, where 
it meets with a stream of concentrated sulphuric acid, corrospomling to about 
6 per cent, on the fat, the contact of the acid with the fat being maintained. 
for about two minutes, by allowing the mixture to flow through a gutter ; 
it then falls into a vessel charged witlf boiling water, and is there sub¬ 
jected to prolonged boiling, which dissolves the glycerin with separation 
of the fatty acids. The acid water (containing the glycerin) is then 
removed, and the fatty acids purified. They are strongly coloured, but 
after cold, followed by hot, pressing, *the colouring matter, being soluble in 
the oleic acid, is extracted, and the stearine is left quite white if the operar 
tion 1ms been conducted with the necessary care. The oleic acid is then 
distilled, and the small quantity of solid acids which it contains recovered. 

The great difficulty attending this process is to obtain the complete 
removal, by pressing, of any insoluble coljuring matter which may have 
been formed by the action of the acid. But the principal objection to the 
process is due to the fact, that the short time during which the acid remains 
in contact with the fat does not allow of the formation of the large quantity 
of solid fatty acids which results from the prolonged treatment with acid in 
the ordinary process. For these reasons, the process is now no longer 
in use. 

Book's Procm.*-< Dr. Sock, of Copenhagen, introduced some years 
age^a process, somewhat similar to that of M. de Milly, but yielding, it is 
claimed, a larger percentage of solid fatty acids, end of higher setting point, 
th&n “any knowtt process.” 

According to Dr. Bock, neutral fatty compounds consist of exceedingly*!' 
small globules of fat contained ip membranous envelopes, and before the fat 
can be decomposed by any procoss, these erfvelopos must be opened up, or 
destroyed, so that the fat may be set free. These envelopes, in animal fats, 
are composed of cellular tissues, gelatin and albumin; in vegetable fats, of 
vegetable albumin tod cellulose. When an alkali, as in the case of lime 
saponification, acts on a fat, the albuminous 'or proteid substances' are dis¬ 
solved, and the lime is then able to combine with the fattjr acids, and liberate 
the glycerin. In the process of aqucousMecomposition, the high temperature 
to which the fatty matter is exposed, opens up the envelopes, setting freeri 
the fat. When fats are acted on by concentrated sulphuric acid, the 
envelopes are charred, and the fat liberated for decomposition by the acid 
water. , • 

• See Dingier^ *'Polyteehnisches Journal,” 1873, voL .pcviii. p. 230; also “Soap, Caddies, 
Lubricants, and Glycerin,” Laut Carpenter, 1883, p. 263. 
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It will be observed that Dr. Bocfcjs theory of the action pf sulphuric aoid 
on fats, is,quite-opposed to the conclusion to which Fremy was led by his 
investigations; the.fprmer considering that the action is merely mechaaical, 
whilst, in the opinion of the latter, it is purely chemiqal. All that is there¬ 
fore required tq effect what Dr. Dock calls “ rational saponification," is to 
treat the fat with a quantity of sulphuric acid so adjusted that only the 
envelojjps are attacked, And the fat allowed to escape in a condition in which 
it«can be 'decomposed. The actual decomposition is effected by boiling the 
liberated fat, for several hours, with the necessary quantity of water, con¬ 
taining the theoretically required proportion (4 to 4I- per cent, on the fat) 
of sujphuric acid. After allowing the mixture to settle, the acid water is 
removed, and the glycerin recovered. The fatty acids are black from the 
charred albuinirfcus Cells floating about in ,them, and may be purified by 
distillation. 

The important feature of this process is, however, the removal of the 
colouring matter' vrithoitf, distillation. In ordeffto cause tho char-red cells to 
separate, the mass is o.-'idised by tho action of some oxidising agent, 
whereby the«pocifk? gravity of the cells is raised from 0.9 to r.3. After 
, allowing the cells to settle, the fatty acids are removed, washed several 
times with water, and pressed cold, then hot. ,'J’ho stegrine removed with 
the dark oil may be recover d by distillation and pressing. 

This process has the advantage of simplicity, and as the operation may 

completed in one, or at most two, vessels, no elaborate plifnt is 
required. •»- 

Many endeavours have been made to discover some chemical agent 
which, while possessing tho advantages of sulphuric acid, might be free 
from its drawbacks, but so far they have not mot with success. 

Chloride of zinc, which in its action resembles sulphuric acid in certain 
respects, has been proposed. According to L. Krafft and Tessie du Motay, 
the fat is heated for some time a{ a temperature of from 150° to 200° C. 
(300“ to 390” F.), with from 8 to 12 per cent, of *the anhydrous salt. The 
mixture is then washed with hot water, or with water containing *a little 
hydrochloric acid, and distilled. The product is said to possess all the 
properties of distil+ed fatty acids Obtained by decomposition with sulphuric 
acid. The chloride of zinc may be recovered from the Ivash-waters. 

THE DISTILLATION OP llkTTY. ACIDS. 

Some of the early attempts which were made to distil fatty acids eftr an 
industrial scale have been already incidentally referred t<*. • 

» The procesS-of W. C. Jones and U.T>\ Wilson,* according to which the 
fatty acids obtained by the decoiujosjfion of the fat with sulphuric acid 
were distilled in a current superheated steam, was the only one which 
met with success, and is now, with, in some cases, certain modifications, the 
recognised metllod of obtaining distilled fatty acids. 

The principal object of tho distillation is to improve the colour of the 
fatty acids. Accordingly, tlw process is universally applied to the fatty 
acids obtained By lime saponin cation or by aqueous decomposition, followed 
by acidification (Tinless Bock’s proeess is used); some further treatment being 
1 necessary for thejfemoval of the dark colour. Fatty aci$s which have not 
been agjdified are also occasionally distilled. , 

Many different forms of stills and condensers have been suggested, each 
inventor claiming for his apparatus some special feature of advantage. 
Tfce stills themselves are generally, spherical or slightly elliptical in fonn, # 
• • 

* Eng. Patent* No. 9542, 184a. 
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and have a distilling capacity of from ope to six tons of fatty acids. . Some of 
the condensers are constructed so that the products may be fractionated; in 
the case of others, the whole products are collected in ( the same vessel, and 
form one uniform distillate. 

Fig. si represents a form of still, provided with upright copdensers, which 
can lie utilised for fractional distillation or otherwise. c 

It consists of a copper vessel B, enclosed within* brickwork, so arranged 
that the bottom of the still may be heated by fire, if desired. The fatty 
acids to be distilled are introduced, and their temperature raised ta fieaijy 
the point of distillation by means of the fire, a*id by steam. Direct exposure 
of the still to fire heat is sometimes entirely dispensed with, in order to^void 
overheating of the contents. Steam from a boiler, not shown in the sketch, is 
passed through tho pipe V, au£ is raised to a temperature of over*i6o“ 0 . 
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f , 

(500° F.) by being made to ciroulate'througb several coils of sTon pipe, heated* 
by the furnace A. The superheated strt'im enters the still through a pipo, 
which terminates in a coil at the botto^i of the vessel, and is perforated, so 
that the steam may be uniformly distributed through the fatty acids, and 
the regularity of their distillation maintained. When the temperature of 
the fatty acids has been raised to tl!j> desired point by the steam and the 
fire, the latter is allowed te dio out, and the distillation carried on* by tiie 
superheated steam alone. The temperature of the fatty arid vapour, as it 
leaves the still, varies, but 271° 0. (520° F.) may be mentiflnetf as a suitable 
temporature for obtaining a rapid distillaiion, and a distiB^te of good colour. , 
The steam and fatty gicid vapour leave the still by the alombie F, fend are 
condensed, as they pass through the upright pipes 0 . These pipes are made 
of copper, and may be jacketed, a current of cold water from 0, which . 
circulates rofind them, causing the condensation of the vapours. The flpw 
* of water must 1 be regulated so that, as it leaves the condensers at S, its 
temperature is sufficiently high to prevent the fatty pcids from solidifying. 

A * l 
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In some cases the condensation of the bulk of fatty acids is effected by air 
oooling*only; the number of pipes then requires to be increased, the last one 
or two being jackets^ and cooled by water, for the condensation of the fcore 
volatile portions of the distillate. The mixture of fatty acids and part of the 
water collects ty the bends of the condensing pipes C, and is received in 
the vessels D. • 

‘At tye beginning ancf towards the end of the distillation, the fatty acids 
nr® somewhat dark in colour ; these fractions are put aside for redistillation. 
It^s impossible 1 o effect the distillation of the wjiole of the contents of the 
still, some neutral fat, lS;sultiny*from the incomplete saponification of the raw 
fat, renaming behind, together with a quantity of tarry matter, as a decom¬ 
position product. When the stilf has cooled down somewhat, this residue is 
blown o 9 t througfca pipe, reaching to the bottpm of the vessel, to another still, 
made of cast iron, in which, by distillation at a higher temperature, a further 
instalment of fatty acids is obtained. The residue in the still, after cooling, 
appears glnerally'as a btight, black, brittle mass, known as “ stearine pitch," 



Apparatus for the Distillation of Fatty Acids. 

employed for the making of carriage varnish Aid for.other purposes.. The 
residue from the distillation of the bulk of the fatty acids, instead of lifting 
distilled to pitch, may be tqfated with sulphuric acid, the glycerin recovered, 
’ and the fatty acids distilled ; or it may be re-saponified. • _ “ 

^ Tn order to odbnomise fuel and labour, fatty acids are sometimes distilled 
continuously—that is, the fatty acids£ar* fed into - the still while the distilla¬ 
tion is progressing, .uid tho revalue removed after a quantity of fatty acids, 
corresponding tojierhaps three or four charges by the ordinary process, has 
passed through the still. . 

When fatty acids which have not l*en properly acidified are distilled, a 
quantity of acrolein, which i,«*soon recognised limits effect on the eyes, and 
of liquid and, gaseous hydrocarbons is formed; the latter are said to 
result from the lecuniposition of jAi’t of the fatty aditls, if the temperature 
•has beon high. Jatlquis «f t ributesHheir formation to the .decomposition of 
the tarry matter, taking place at the end of the distillation. MM. Gahours 
and Demar^ay liave made an examination of the liquid products, and havo 
•obtained from them a series of solids, almost identical in composition witlj 
the.hydrocarbi-is present in’Amerioan petroleum. , 

Fig. 22 shows a simple fbrm of s^ill aSid condenser, constructed by P. 
Morane. 
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Steam enters the superheaters at A? and then passes to the still by tjie pipe 
B. The fatty acid vapour and steam are condensed by causing thorn to pass 
throbgh the worm C, kept comparatively cold by a current of water circula¬ 
ting through the outer vessel, and the products collected in the vessel'd. 
The residue from the distillation is blown out through the pipe e. 

A. Michel * has devised a still intended to be used in conjunction with 
his autoclave, already described, but it may be used for the distill&tion of 
fatty acids obtained in other ways. 

The general construction of the vessel and jts condenser is much t r he safne 
as that c f the apparatus represented by Fig. iz. The still itself, however, is 
more elliptical in form, and thus gives a larger superficial area of evapofation. 
The products are condensed by passing through a cooled j-orm; at*.the end 
of this worm a continuous action pump is connected, which serves to draw 
off the vapours. It is claimed that, in this way, the time required for the 
operation is reduced, and that the temperature of the distillation < is dimin¬ 
ished considerably, a larger proportion of fatty acids of good colour being 
produced. & 

L. Huguei Apparatus is composed of two stills, placed side by side, in the 
samo furnace, anduo arranged that they may be heated alternately; when 
the first charge is distilling, the temperature of the contents of the second 
still v* raised by the waste heat. The alembics from the two stills unite in 
a wide, upright pipe, into which a current of water is injected, which 
causes the instantaneeffls condensation of the fatty acid vapour. Economy of 
fuel and rapidity of distillation arS the principal points churned for this 
form of apparatus. 

Julicn and Blumski’s Apparatus f (better known, perhaps, under tho 
name of P. Marix) consists of a horizontal boiler, with two outlets connected 
with separate condensers. Tho steam is made to traverse the material hack- 
wards and forwards, tlyough a series of pipes, the ends of which project 
through the sides of the boiler, ryid are heated in a furnace underneath the 
end of the still. The steam raises the fatty acids to its own temperature, 
and is distributed through the material by passing through two perforated 
worms extending throughout the wholo fengtb of tho sfill. The vapours are 
condensed by passing through two cooled worms, and the fatty acids afterwards 
separated from the water. This apparatus is worked at a low temperature, 
and the distillation ismecessfrily slow. 

, THE CRYSTALLISATION AND PRESSING OF FATTY . 

ACIDS. „ 

• The fatty acids obtained by the various processes described, consist of a 
mixture of the solid acids, palmitic and'stearib, and the liquid acid, oleic. The 
setting point of the mixture ranges from about 40“ to 44° 0 (104° to ii2°F.), 
according to the class of raw fat employed, the colour of the mixture being 
more or less brown.’ In order to ruise the setting point and improve the 
colour, the oleic acid must be removed; this is accomplished by cold and hot 
pressing. Many of those candles known as “ composite^ ” are made from 
distilled fatty acids direct, without removal of the oleic acid, but they are 
greasy to the touch, and generally inferior in their burning. • 

The stearine resulting from the pressing of fatty acids obtained from 
tallow by the processes of lime saponification or aqueous Decomposition is 
commercially mown as “ saponified,’’ and comijiands a higher price than the 
stearine known as “ distilled,” obtained generally from a mixture of palm 

* Ei\«f. Patent, No. 8403, 1885. + Eng. Patent,. No. 14,700, 1884. « 



CEYStiLLISAVON OP PATTY ACIDS.* * 63 

• 

oil and tallow, by pressing the distilled fatty acids. Before they are pressed, 
the fatty*acids 'aro first boiled by means of free steam, in a large wooden 
rat, with water contaihirig a little sulphuric acid. After settling, th 5 acid 
water is run off through a tap at the bottom of the vat, and the fatty 
acids again boded, this time with pure water. The water is run off and 
tlje fatty acids transferred to shallow, tinned-iron pans, in which they are 
allowed to crystallise. These pans are supported in large ii on racks, sufficient 
sjfttcebeing left between each pan to allow free access ot air, in order to 
promoth the cooling of the fatty acids. • 

The filling of the {W 1 ? 111a/ be done by hand, but the labour involved in 
this i* often reduced by allowing,the fatty acids to fiow from a reservoir or 
through a pipe, above each rack, into the pans, which are so made and placed 
that V4hen those at the top of the rack have been filled tlie fatty acids over¬ 
flow them and till tbo.so'undemeath. The fatty acids are then allowed to 
remain iy the tips, for crystallisation, from twqfve to twenty-four hours, ac¬ 
cording to the-season. ‘(.food crystallisation is the most important point to 
be attended to, in ojder to obtain successful pressing. Each manufacturer 


Fig. 23. 



Hydraulic Press for the Cold Pressing of Fatty^Acids. 

lias his own method of causing the fatty acids to assume that crystalline 
form which allows the oleic acid to be most retdily removod. The object is 
generally attained by mixing, after saponification, the fatty acids obtained 
separately from different fats. Palm and tallow acids, in the proportion of 
60 per cent, of, the former to 40 per c^nt. of the latter, yield a mixture 
1 well suited for pressingj ^ 

The oleic acid might be removedyn ana operation by hot pressing, but a 
considerable quantity of the H>Kd awd.-, would be unavoidably extracted at 
the same time.. It is therefore generally considered advisable to press the 
fatty acids first cold, and thus 1 amove the bulk of the oleic acid, and, by 
exposing the pressed cake to hot pressure, complete the removal of the re¬ 
mainder. * * 

Cold Pressing.—For cold pressing, some manufacturers employ vertical 
presses; others prefer the horizontal form. Fig. 23"represents a horizontal 
•press constructed by P. M m ...10. * ( • 

The'crysta^lised cakes of fatty acids are transferred from the tins to 
strong, woollen bags, adjusted to th# size of the cakes, and the bags placed 
’ in the press alternately with thin iron plates. When the prqjss has been 
charged, the si pcock A. which regifiates the supply of water tp the cylinder, • 
is opened, and the pressure applied„at first gradually, so that it may be 
equally distributed over each part of the cake, and then more estrpngly, until 
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.he oleic acid njs been removed as iet as possible. The valve B serves to 
> revent the pressure from becoming excessive. The oleic add .flows from 
he plates into a trough underneath the press, and) qs.it runs from there, 
s collected in suitably vessels. The pressure is then relieved and the pressed 
:akes withdrawn. *' 

The cold pressing generally removes, in the case of fatty adds obtained 
>y saponification, about 45 per cent, of the weight of the acids, aboijt 10 per , 
ent. of oleic add remaining to be extracted by hot pressing. Patty adds, 
vhieh have been acidified aqd distilled, yield a much Emaller quantity.' 

The solid fatty acids contained in the expressed oil may be recovered by 
iltration or pressing, after exposure of the mixture to an atmosphero^ooled 
>y a freezing machine, the oleic acid obtained being lcc 3 liable to deposit , 
;o!id acids in cold'weather. %ime special forms of apparatus htfve been 
atelv devised for causing the cooling of the expressed oil. Pig. 24 represents 
me of these, designed by Petit Brothers, which is in use in certain 
actories. It consists of a hollow cylinder A,' which is 'ipade to revolve 

by mechanical means, anil is kept, 
constantly cold ‘ by causing ice-cold 
water to circulate through it from the- 
pipe C. The oleie acid to lie treated 
fl6ws through the pipe g, into a 
shallow vessel /, which is so placpd 
that the cylinder dips into its con¬ 
tents, and carries them upwards upon 
its sides as it revolves. The oleic acid 
is thus cooled, and the magma of 
solid and liquid acids is removed from 
the cylinder by the scraper h, falling 
into the vessel F, which is jacketed, the 
mixture being thereby prevented from 
becoming warmer'. The cold water, 
as it leaves t.lio cylinder, passes round 
the vessel P. The mixture of solid 
a».d liquid acids Js then separated by 
being passed through a filter-press by 
Apparatus for the Cooling of Olcio Acid, means of the pump P. The finished 
• oloic acid is commercially known as 

“ oleine,” and is used for the making of soap and for the oiling of wool. 
The 1 solid acids are then removed from the filter-cloths, and may ho mixed 
with the hulk of tho acids obtained by the cold pressing. _ e 

Hot Pressing.—The cakes of fatty acids obtained from the cold pressing, t 
still contained in tho press-bags, arq pltced between 1 the heated plates of the 
press, the sides of these plates being covered with “ hands ” of matting made of 
horse-hair. These cakes, before being hot-pressod, are sometimes melted up, 
and re-crystaJlised. Horizontal presses are employed, Fig. 2 5 representing their 
general form. Steam from the pipqs A A' is distributed through the series 
of iron pipes bib, each of which is connected with one of the press-plates 
C, which are hollow. These pipes are constructed on tlA ” stuffing-box ” 
principle, so that the plates may he readily moved backw&rds and forwards 
in the charging g,nd discharging of the press ; they are, hgwever, liable to get*. 1 
out of order, and india-rubber tubes'are frequently substituted for them. 
From twenty to thirty cakes of fatty acids may be pressed iii one operation. 
When the press has been charged, thesteam is passed through the plates* 
and when they have become heated, to a tfcmpeiature of about 60. to 
65“ C. (140°‘to 150° F.), the pressure is applied by opening the stopcock d, 
and is controlled by the valve e. Tie pressing of « charge, including the 


Fig. 24. 
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fane required for the charging and discharging of the pressj’generaily takes 
from a halt to onh hour. 

Successful pressing tequiree a considerable amount of care as regards 
the regulation of the pressure and the temperature at which it is applied. 
When the operation has been completed, the pressure is relieved, the bags 
and their contents removed from the press, and the cakes of stearine with¬ 
drawn. • . 

•The expressed mixture of oleic acid and solid acids collects in a shallow 
iron tray underneath the press. The solid acids are recovered from this 
mixture by cold pressing ;* or their recovery may be effected indirectly by 
adding»the mixture to the melted fatty acids, before crystallisation, at the 
beginning of the^process t)f pressing, the addition of the mixture at the 
same time assisting to produce the suitable form of crystal for good pressing. 

The cakes of hot-pressed stearine, as they are discharged from the press. 



* Hydraulic Press for flic Hot Pressing of Fatty Acyls. • 

^\re examined, and those parts round the sides which, from their colour, still 
appear to contain some oleic acid, are^uUoff and pht aside, to be crystallised 
and re-pressed. The bulk of thfc . teariue is then melted up and boiled in a 
large open vat with water containing a little sulphuric acid, until it appears 
quite bright. This boiling removes argali quantities of oxide of iron, 
resulting from contact of the stearine vjith the press-plates, and other im¬ 
purities with which it may ha^o become contaminated. The acid water is 
separated, the gtdarine boilSd several times with fresh water, and the water 
run off, when the stearine remains ill a condition ready for being made into 
’candles. • * • • 

THE *CONTEBSION OF OLEIC INTO PALMITIC ACID. 

• 

* As the commercial value j>f stearine is always considerably higher than 
that? of oleic acid or “ oleine,it has long bqpn the aim of manufacturers to 
discover some means whereby the less valuable product might be converted 
into th*e more valuable’one.. 

































66 * CONVERSION OP OLEIC UJTO PALMITIC ACID. 

t 

It has bee* known for many years that nitrous acid, when ajlded to 
oleic acid, produces solid elaldic acid. This acid, however, has .a tendency 
to Assume ws original liquid form, and the reaction never been "success¬ 
fully employed on a manufacturing scale. 

In 1841, Varrentrapp discovered that oleic acid, whea' heated with a 
large excess of caustic potash, is decomposed, with fornfktion of palmitic 
acid, acetic acid, and hydrogen, the acids combining with the alkali? and the 
hydrogen escaping, according to the equation: ' 

C I8 H 3) 0, + 2KTJ0 = 0, c H ! 1 K0 + CjH,KO, + H,. ' . 

M. Eadisson has succeeded in carrying out this reaction industrially, and his 
process is said to be in operation in certain factories.* o 

The operation is conducted in a cylindrical vessel Fig. 26, called 
a “cartouche," th*e bottom of .which is made of cast irorf and the .sides of 
wrought iron. It is placed upon brickwork, and'is heated by a fire, which 
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Apparatus for tUe Conversion of Oleic into Palmitic Acid 


should be about five or six feet from the bottom of the vessel, so that the 
contents may be„uniformly heated. 

From 15 to ,50 cwts. of oleic acid (according to the size of the vessel), 
may be treated in one operation j tliij charge consisting of 1 part of oleic 
acid to 1.67 parts of caustic potash lye, of 1,40 sp. gr. When the charge has 
been introduced, the agitator B is set in motion, heat is applied, and the 
steam allowed to escape by the man-hole C. When the “ soap ” is dry, the 
man-hole is closed; the liberated ggses then leave the apparatus by the pipe 
F, and pass through a tower-condenser to aigas-holder. 

From 300 0 to 310° C. (572° to 590° F.) is the most suitable temperature 
for the reaction, and at 320° C. (6oC° F.), when destructive distillation 
threatens, steam and water are injected into the mass 'through the pipes )?' 
and E'. „ 1 <■ 

After from thirty-six to forty hours, including the iSme required for 
charging, the operation is complete. The outlet-pipe at G is then opened, 
and the palmitate of potassium allowed to Ml into an open tank, in )vhich 

* Sec "Soap, Candles, Lubricants, and .Glycerin,” "Lant Carpenter, p. 266: Jouru. Soc, 
Cbem, Ind., vq'. ii. p, 98. , • ' 
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it is boiled with water by means of free steam. When allowed to settle, a 
separation jof the* contents of the tank takes place, the upper layer consisting 
of a solution of palmiiqte of potassium, and the lower layer of potash lye. The 
palmitate of potassium is then decomposed in a separate vessel by sulphuric 
acid, and the pajmitic acid washed with water. It is said to have a setting- 
point of from 5o*to 52.8° C. (122 0 to 127 0 F.), and may be purified by distil¬ 
lation, tjhen it yields a material of good colour, well suited for candles when 
miaed with ordinary stearine. 

■The .potash-lye is causticised in the cold by agitation with lime, the car¬ 
bonate of lime removal, and tfhe lye evaporated to the required strength. 
On striding, it deposits small quantities of carbonate and sulphate of potash, 
whilst crystals of acetate of potash form upon the vertical parts of the tank. 
The pot#sh-]ye is'employed for the treatment of anothef quantity of oleic 
acid, and the crystals of acetate of potash, separated from the lye by a centri¬ 
fugal machine, are decomposed in a special still, ij-ith sulphuric acid, and the 
acetic acid recovered and pUnified. The sulphate of potash resulting from 
the decomposition of the palmitate of potassium is most economically regen¬ 
erated by the (Leblanc process. 

. The yield of palmitic acid depends 011 the nature of the fatty substance 
. frjm which the oleic acid was derived. Oleic acid from tifilow, saponified by 
lime, is said to yield 91 per cent, of palmitic acid, fit for candle-making, whilst 
oleic acid which has been distilled yields 87 per cent. , 

* The cost involved in the preparation of white palmitic acid is estimated at 
.£13 per ton ; but may be reduced to about 10s. jlfir ton if caustic soda 
be substituted for potash. When caustic soda is used, a quantity of paraffin 
requires to be added, in order lo equalise the temperature of the mass of 
difficultly fusible oleate of soda. 

PROPERTIES OF STEARINE. 

Industrially prepared stearine is "a white, mor» orless hard, solid, possess¬ 
ing a faint characteristic odour, which should be free from all “ sal vie ess.” 
It should not feel greasy to the touch. It is easily soluble in alcohol, ether, 
and light petroleum, separating from the hot solutions, on cooling, in small 
crystals. * 

The setting point of “saponified” stearine ranges from about 52.2° to 
55 - 5 ° 0 . (126° to 132- F.), and that of “ distilled’kfrom about 47.8° to 52.»°0. 
(118 0 to 126° F.). It may bo determined by the ipethod described unfipr 
“ Raw Materials.” * * 

’ To be suitable for candles, stearine, when melted amVallowed to codt 
slowly, should exhibit a “close-grained"‘crystal, otherwise candles made 
“from it will present an appearance of •“ seeding,” and on being broken will 
not give that characteristic “ snap ” w^ich distinguishes well-made stearine; 
this result is generally ootoined by mixing stearine from different fats iD the 
requisite proportions for giving a suitable crystal, or by working on a mix¬ 
ture of fatty acids from different fats maje in the properly adjusted propor¬ 
tions. Stearine should be quit^free from salts of ail kinds, and leave no ash 
on ignition. 
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CANDLE,, MANUFACTURE. 

BY 

L. FIELD and F. A. tflBLD. 


The invention of candles may be regarded as contemporahoous with the 
need of artificial, portable means of lighting. We may define a candle as a 
porous, combustible core, Surrounded or merely saturated with a fusible, in¬ 
flammable solid. Accepting this definition, the man who first selected a 
mole than ordinarily resinous brand to serve as a torch to lighten up the 
darkness, was the pmneval chandler. This is not merely conjecture. For 
at the Colonial ana Indian Exhibition of 1886, where the resources and 
appliances of the most aboriginal races were displayed, devices for obtaining 
a continuous light might be seen almost rivalling in simplicity that 
instanced above. Thus, one toiler on the West Coast of Africa burnt oily 
nuts in c’ay saucers; another, more ingenious, strung these nuts on a twig, 
thus ensuring a continuous illumination. 

Wherever Nature # had furnished fuel, whether liquid or solid, grease, 
wax, or oil—animal, vegetal, or mineral—the natives had taken advantage 
of iC according to their lights, and employed it in some form or other 
for lamps or candles. One drew a wick through the body of a penguin, 
so fat that it exuded sufficient oil to fnaintain a light for hours; another 
had filled a conch-shell with oil, and inserted a mass of some fibre for 
wick; whilst a third showed a rush coated with the hard wax of the Myrica 
cenfera. • ' 

■ Saving the material, which was hard and bad to burn, the last-mentioned 


candle differs jn no way from the rushlight that a thousand years and 
Snore ago was instanced by Appleius in the “ Golden Ass " (Metam. iv.)* 
where servants come with “tardis, lucernis, sebaceis et cereis”—pine 
torches, lamps, tallim and wax candles. These' candles were, doubtless, 
what we term dips; and were made* then ‘precisely as in our days, namely, 
by dipping rush-piths (acirpus) into melted tallow. Wax candles were 
made in the same way, substituting the harder and finer material. 

We find frequent reference to candles in the later classics, although, as 
art advanced, the lamfi gained in prestige, as affording more scope for 
ornament. That candles, in Martial’s time, were flot considered so 
“ fashionable ” as lamps may be gathefed from his Apoph. 42: 

. • *» ! 1 

“ Hie tibi nocturaosqiraestabit cereua igneo 
‘ Snbducta est puero namque lucerna tuo." „ fc 


“ The footman, I am sorry to say, has walked off with your lamp, so you'd 
have to put up with a candle." . * t 

Subjoined is an attempt to giye the progressive stages of the develop-, 
ment of tj>e candle in a chronological sequenep. . But it must be, borne in 
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mind that these stages overlap each other considerably, and thht at no period 
can one* form be said to have died ont, or another sprung into existence. 
The link -still flares, in‘processions, the rushlight in its cage still renders 
darkness visible in far country places, and even in London; the miner 
persists in his preference for the tallow dip, the cobbler has his “ flat candle,” 
and in the south df England a rush, just coated with kitchen fat, and held 
in an upright prong, lights the bucolic at his evening meal. 

• 

Chronological Table oi tap various Stages in tne Development 
. of the Candle. 

1. Torches, pAneval.—Originally resinous pine-boughs, subsequently 

splints Of the same (taeda)t bound together at intervals, possibly with a core 
of tow or flax saturated -w ith resin, <fce. The word “ torch ” is derived from 
the Latin •tortitiicm, a twisted thing, a rope, which would apply more 
properly to the ’ , 

2. Link (lythnv-8, Lat.), which Virgil calls fimtuium (oEneid. ii.): 

* —- dependent lyclvni laquearibus aurei% 

. Incensi, et noctcm fjpmnjis/KHalia*vmcunt,.” 

Here funis is evidently a rope saturated with pitch (probably bitugien 
found : n the neighbourhood), which corresponds precisely with our present 
link, still used in foggy weather and in torchlight processions. 

3. Flambeaux were a more elaborate and costly form of illuminant, a 

kind of hybrid between the link and the canuie. They consisted of 
alternate layers .of tarry resinous oakum and crude beeswax, with an 
external coating of white wax. In the seventeenth and eighteenth centuries 
these were employed to illumine the halls and yards of the nobility, and 
were carried by the running footmen to light them home in their sedan- 
chairs. Extinguishers for putting o\it these lights lhay still be seen at the 
doorways of old London mansions. * . 

4. hip Candles: Wax and Tallow Dips. -The word candle is derived 
from the Latin candela (Martial, Ep« xiv. 43), from candeo, to shine (Sans. 
kan). As before said, the use of candles—that is, thill wicks of pith or 
flax surrounded with wax or tallow—dates from a very early period; 
although their employment as a means of lighting \jould not appear to 
have become general till the commencement of the seventeenth century, 
before which time oil was the common illuminant.* Wax candles, howevdr( 
•must have been made, as now, in large quantities for cjfurch purposes* 
Venice would appear" to have been the hftme of this industry, which was 
introduced into Paris in the seventeenth century. But the Wax Chandlers’ 
Company was incorporated in ’484 f proof that this manufacture was 
already an important one. 

5. Mould candks are said to have been introduced by the Sieur de Brez, 

in the fifteenth century. Wax does not ISnd itself to moulding, hence the 
process was applied to tallow alouf. As oifly the hardest and finest fat could 
be moulded, these fsmdles wqre co...dderably dearer than the dips, and their 
use confined to the hotter classes. , • 

* 6. Spermaceti cannier appear to Ijave been first made, pi England at 
least, towards the middle of ...so century, although the splid was employed 
long beforS as a basis of ointments. One Sarah Field describes herself on 
a^bill-head, 1756, as a “ Maker of the flew Sperma Ceti Candles.” 

• la tho honsehold n oendituro of the Earl ofLaneasttw (1313), wo find “33i9*lba. of tallow 
,candles, and 1870 of lights for Paris caft riles. called nere tiers ” fnrohablv M Food .Tonr- 

aal," March i, 1871. 
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7. Cambaoires introduced plaited -wicks about 1820. Till that t period, 

twisted cotton yam was the only core available. 1 , 

8. Chevreul discovered stearic acid, 1814-15 ; tod- Milly manufactured 
stearine candles (Boftgies de l'Etoile), 1832. 

9. G. F. Wilson brings out composite candles of cocoa.nut stearine and 
distilled palm oil (palmitic and stearic acids). f * 

10. Night lights (mortars) introduced. 1 

11. Paraffin manufactured by James Young (Pat. 1850). Paraffin 

candles manufactured at Lambeth by J. K. Field (Pat. 1854). • 

12. Ozokerit distilled and candles manufactured therefrom (F. Field and 

G. Siemssen, Pat. 1870). , , 

The above may be regarded as a fair summary of .candle-lore. For 
much interesting* information, on this branch of the suHjeet, the deader is 
referred to “ The Old Days of Price’s Patent Ctadle Company,” by G. F. 
Wilson, F.R.S.; “ Solid aijd Liquid Illuminating Agents,” Cantor Lectures, 
Society of Arts; and Beckers’ “ Charicles,” and “ Gallus." . 

• The composition and manufacture of modem candles next claims atten¬ 
tion. There are five distinct classes of candles now mado: tallow, wax, 
spermaceti, stearine (including composites), and paraffin (including ozokerit). 
The importance eft' these it in inverse ratio to their age ; paraffin, the l%st, 
preponderating enormously over the others, and tallow is almost extinct as 
a cqndle material, per se; though, as the source of stearic acid, it is of grpat 
value. As the nature and preparation of these materials have been treated 
of in another part*?f this work (Fats and Oils), they must be considered 
here as ready for immediate use. Before ^proceeding, however, to discuss 
the various processes, a few words on the wick are necessary. 

The Wick. 

Until the introduction of plaited wicks (^bout 1820) the same twisted cotton 
core was used for all Kinds of candles as is still employed in tallow-dips and 
moulds. This bulky structure, having no determining impulse to one side or 
the other, remained in the centre of the flame, occluded from the air. Hence 
the light soon grew dim, owing to the absorption of the heat by the mass of 
carbon and mineral matter. To maintain the wick at a proper height, 
snuffers were necessary, and many and complicated were the expedients 
deyised for removing the objectionable “ snuff,” without allowing the nauseous 
vapours of acrolein, <fec., to escape into the air. Over fifty patents have been 
taken out in this line afone, some of which are marvels of mechanical ingenuity. 
But a simple, though beautiful, scientific expedient rendered all these appli-* 
ances abortive. In 1852, Mr.'William Palmer patented his “Metallic 
Wick,” into which a thread is introduced, saturated with nitrate of bismutll, 
and coated with finely powdered* metallic, bismuth. As the flame reaches 
the wick, the metal is fused into a tiny globule, which by its weight forces 
the fibre into a curve, thus bringing the extremity into contact with the air. 
The carbon is oxidized to carbon dioxide, and the bismuth volatilised. 
Tallow candles with wichs thus prepared were especially employed in spring- 
lamps (for carriages, &c.), and the sale was very large. < 

Another expedient for overcoming .the straightness ofHhS wick was, and is 
still, employed by Messrs. Ogleby <fc Cq in the manufacture of their composite 
candles. Here t)ie wick is wound* tightly round a cylinder of iron, and 
brushed with a thin size. As only one side of the wick is'Stiffened, a strong 
tendency to curl is imparted, and the'necessity for snuffing removed. f 

But the class of candle for which these wicks are required is almost 
obsolete, aild plaited wicks have taken the place of twisted. It must hot be 
imagined, nevertheless, that with'the introduction of plaiting any further* 
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improvement in this portion of the candle became unneoqpsary. On the 
contrail, the wide may be considered as the soul of the candle; for, on the 
proportion, preparation,.and condition of this slender core the candle depends 
for the proper discharge of its functions. , 

A candle-flaye is a gaseous cone, in which there are three district layers 
or zones' of chertical action. The first, or inner, immediately surrounding 
thE wicL is non-luminouft, and consists of the candle material, slicked up by 
tha wick, 'and vaporised at the point of 
contact .with the flame. In the second, the p IC 2?- 

luminous cone, the vapour.-, become partly 
decomposed, free carbon and dense hydro¬ 
carbons being formed. In the third cone, 
total combustion \akes place, and carbon di¬ 
oxide and water are produced. 

Now it is evident that the luminosity of 
the flamd depends on .the adjustment of 
supply to demand; in other words, on the 
amount of material'vaporised being not in 
excess of the heat disposable for its com¬ 
bustion. Where this condition is not ful¬ 
filled—that is, when the wick is toft large or 
to) porous, and supplies the liquid fuel too 
rapidly—an over-draught of heat for vapori¬ 
sation ensues, and imperfect combustion is 
the result, shown by a dim light and Evolu¬ 
tion of unconsumed carbon as slnoke. 

On the other hand, where the wick is too 
small, the pores of the cotton become clogged, 
tlie material is melted faster than it can be 
vaporised, and the wick is “ drowned,” until 
relieved by the molten masa breaking down 
the walls of the cup, and escaping down the 
side i 'f the candle, a phenomenon technically 
termed “guttering.” Both phenomena are 
equally objectionable, and have to be guarded 
against by careful adaptation of the wick, 
in dimension and preparation, to the size and 
substance of the candle. 

Great care is taken in the manufacture of 
wicks. The cotton is specially selected, with 
particular reference to the absence of lumps, 

' knots, or other irregularities and impurities. 

It is then plaited by special .maclfindfi, of 
which the subjoined cut, Fig. 2;, will give a 
good idea. • 

Flatting Machine. , 

• 

The bobbin# are held in the notches 
shown in Figl^S? on the discs, which rotate 
at an equal speetje but in opposite directions. Bach bobbin spindle as 
it passej between the axes of the discs is transferred frohn the discs on 
one axis to these on the other, the bobbins being thus made to describe 
. a path resembling the figure 8. This transfer is controlled by a switch 
which crosses from side to .side in the intervals between the •passages of 
the" bobbins, so as to pass the bobbins to the right and left alternately. ' 
A craijk-pin, shown in Fig. 28, moves the switch automatically at the proper 

• ® a 
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intervals, and sp Insures uniformity m the plait of the ootton, in an almost 
noiseless machine, when compared with other designs. , * 

In order to prepare the wicks for the proper discharge of their duties in 
the candle, they are soaked in weak solutions of certain chemicals. The-ob- 
ject of this is, primarily, to Bupply “ backbone ” to the fibre, too weak of itself 
to resist the up-draught of the flame. An unprepared wick* soon “ feathers ” 
away, leavihg a short stump, which is speedily ‘‘ drowned ” by the' melted 
wax, Ac. A little borax or boric acid supplies the necessary substetace. . 

Secondly, where the material is readily fusible as in paraffin, the pores of 
the wick must be slightly Obstructed with scene njaterial which can be relied 
upon to decompose or volatilise when its work is done. Numerous salts— 
generally of ammonia and potash—fulfil these, requirements in varying 
degrees. Nitrate.of ammonia is a very favourite chemicalf « 

. Thirdly, where the ma¬ 
terial is difficult of fusion, 
an^the supply of fflel limited, 
the capillary tubes must be 
freed fcs much as possible 
from obstructive mineral 
matters. This is effected in 
various ways, with dilute 
acids, Ac.; but great care has 
to be exercised, lest the wfck 
grow too weak, or retain a 
tendency to knot, and break 
in the candle machine. 

Some of the usual con¬ 
stituents of these “ pickles ” 
for wicks are: a solution of 
oither boric acid, nitrate of 
soda or potash, chloride of 
ammonium, &c., each having 
its advocates; but a solution 
of borij acid with a few drops 
of sulphuric acid is now 
conceded to be the most 
effective.* 

In one or other of these 
Wiok-plaiting Machine. the wicks are soaked for 

- some hours. The hanks are < 

then placed in a "centrifugal machine, by the rapid rotation of which the 
bulk of the solution is expelled, without subjecting the fibre to any torsion* 
or Other strain. ’* * , 

The hanks are next hung up in a warm air current to dry thoroughly, 
and are then, for machine-made candles, transferred to spttols; the greatest 
care being employed tQ detect and Out out the least knot or roughness. 

We can now proceed te consider'the several methods by which the wick 
is coated with the material. The methods now in vogue for performing this 
operation are: Dipping, Drawing, pouring, and Clsfing. 

Dipping 1 s employed in the manufacture of tallow arid inferior composite * 
candles only. As the introduction of cheap paraffin lights has neaiiy ousted 
these grades, it will not be necessary to„dilate much on a process now nearly 
obsolete. • 

Rushlights, the earliest form of dip canoes, were made formerly in 

* See Chrjstiani, “A Technical Treatise on Soap and Candles," p. 489,1. 26, 4o 
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almost every country household. Kitchen grease supplied the combustible; 
a rush-feirt, brooks the wick. All refuse fat was carefully preserved for tile 
melting, day, when, jt • was boiled with water and a little salt, which 
“ rendered ” or purified it from extraneous matters. • 

The clean fat was then skimmed off and transferred to a pan, where it 
cooled to the consistency requisite to cause it to adhere to the wick. This 
consisted of a rush, deprived of its bark but for one thin strip, to give it 
support. Four such piths were joined together at one end, .aid held in the 
hand so, that each passed between two fingers. They were then immersed 
in the fat for some tin*, withdrawn, and when the first coat had hardened 
sufficiqptly, dipped again, repeating the operation until they had acquired 
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the desired bulk.. These rude candles, as may he s’ ipposed, burnt very badly, 
•with 11 feeble light. They required nj snuffing, however, and thus could be 
employed as nightlights, for which purpose they were imprisoned in huge 
cages of gauze, or perforated tin,'and placed on the hearth. 

The regular Hallov'-dip of commerce was made much in the same way, 
with the substitution of cotton yarn for .rush-pith. Of course, in factories 
more elaborate appliances for holding and dipping the wicks were necessary, 
and numerous; but a brief d&rription of the lafest form will suffice, as it 
embodies all the principles'of its predecessors, and is in actual use. 

Dipping} ^Machine. • 

This machine, Fig. 29, known as the “ Edinburgh Star,” consists of a 
vertically revolving shaft, having thrle or more horizontal arms, which ex- 
tend > right through the shaft‘and ar$ pivoted centrally therein. ’From the 
extremities of these arms are suspended the bars holding thd wicks to be 
dipped,/md these come over the vat of zdelted grease in succession as the shaft 
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revolves. By pulling the lever on theframe containing the wioks, the oounter- 
lever on the arm is drawn down, thus slackening the chain whiph supports 
it, so enabling the wicks to be dipped. On releasing.the lever, the former 
tightness of the chain is restored by means of the weights, which pulls'the 
sliding wedge holding the chain into its normal position. . 

Fig. 30 shows a system of balanced weights and pullejte, employed in the 
Dipping Machine of Price’s Patent Candle Co., the weights on vjhich may 
be varied to suit the increasing weight of the candles in course of dipping, 
the bar or plate on whiph these are suspended resting on the. brackets 
shown in the illustration. V ‘ * 

The material employed for this purppse (cheap composite candlps) is a 
distillate of palm oil. These candles are generally finished off bjr dipping 
them in steariue bf a higher melting point and better colfiur. 

Fig. 3a 



Drawing is confined now practically to the making of “ spills ” or lighting 
wick, and the smaller sizes of tapers, for Christmas trees, &c. The wick 
(cotton yarn) is wound off a drum which revolves on a spindle, on to anothef 
drum—generally about thirty feet* a^ay—turned by hand. In its passage, 
the wick traverses a bath of wax’or srearine, passing out through a plate, or 
die, perforated with holes of increasing calibre (from ^ in. to J in.)—see 
Fig. 31. When all is wound off the first drum, the process is reversed, and the 
wick passed through the hole nexi,in size, and so on, until of the requisite 
diameter. For lightingVick, this varies from T V to i inch, for tapers from 
J. to ^ in. While still soft, the coated wick is removed frbrp the drum, and 
cut into lengths of frbm 7 to 2 2 inches. • These are made up into bundles, one 
end of which it* dipped into boiling water, and the wieJks sharply “ flipped ’ 
over the operators arm. This removes the wax from the .tips, anc 
“feathers” them, rendering the process of lighting considerably speediei 
than with the Unprepared ends. ' 

, The thicker cables (generally of beeswax)‘are cut into shorter lengths 
from 2 to 5 or 6 inches. A 'small piece is 1 removed from one end by th< 
simple meaps of a knife and the hand, and the taper is finished. Thesi 
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tiny candles vary in weight from 4b to 400 to the pound, and are in 
enormous demand at Christmas-time. The last coating is generally coloured 
with setae gay pigmefit—vermilion, ultramarine, <fcc. Of late years the 
introduction of paraffin tapers of delicate tints and great transparency, at 
about one-third* f the cost, has greatly diminished the consumption of the 
dearer .wax-tapers. , 

• Fio. 31. 



Drawing Machine and Die Plate. 


' JJouyies .—Another form of the drawn candles is that known ns “ bougies.” 
These consist of a length of the cpated wick, generally ^bout -jVths of on 
inch in diameter, so coiled ns ,0 be easily unrolled as desired, and much re¬ 
sembling, when made up, the ordinary ball of string. They are employed 
by users of sealing-wax, and otherwise where the light required is of short 
duration. , 

. Fig. 32. 



Pouring Apparatus. * 

Pouring is restricted r ! u ely toVax candles. Although the use of these 
is nowallays aljpost wholly confined to churches, and in* a few cases carriage 
lamps, the output is large enough to warrant a full description of the 
process of manufacture, whjch possesses a special interest in thgt it varies 
nowise from that practised centuries ago, t if we may judge,from the old . 
descriptions and drawings. * • 

THe apparatus is simpje and is well shown in Fig. 32. «A Jioop, with 
• * 
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string* placed at regular intervals on its circumference and suspended from 
a hook by three cords terminating in a swivel; a pan with fneans-of heating, 
and a ladle, make up the wax chandler’s inventory. - JBut the art of using 
these simple tools aright needs a long apprenticeship. 

The workman first attaches the lengths of wick to the strings on the 
hoop, by means of a little wax. Thereupon he suspends the hoop over the 
pan, filled with melted wax. The temperature of the latter has to fee nicely 
regulated according to the heat of the weather. It should run evenly And 



Rolling. 


easily over the whole length of the core, yet congeal rapidly enough to 
receive and retain a second coating when its turn arrives. The operator 
now gently revolves the hoop and pendent wicks over the pan, pouring the 
wax over each wick from the ladle, much as a cook bastes a joint. After 
six or eight coatings, according to the weather, the hoop is removed to cool, 
and another substituted. To complete gn ordinary candle (about six to the 
pound) about six pourings are sufficient. 

While still soft and warm, the full-sized candles are plucked loose from 
the strings, and transferred to a smooth marble slab. Here the operator 

rolls theta under a board furnished with a 
34 ' ‘ handle, Fig. 34, through which he passes his 

elbow, leaning all his weight upon the candles 
while rolling them. This operation, illus- 
tiwCL«niMiuinuiiiii»miiiniiiMim^ ^ trated at Fig. 33, removes the irregularities 
of surface inseparable from even the most 
3c « skilful pouring, and imparts a polish. After 

A? tbe cylinders of wax are cut down to their proper lengths, < 
/A and “tipped" hy means qV a sharp-edged piece of wood, Fig. 35, 
/AM an operation requiring much Skill and practice. The candles 
are now complete. A skilful workman vnllcalpulate the weight 
of his goods to a niqety, seldom making an error of above 
J oz. in the pound. r 

For churfth purposes some gigantic candles of 30 and 40 lbs. 
height are made, sometimes exceeding 9 iqchas in diameter 
and 7 feet in length. ' These require txtraordinary care, and are after¬ 
wards painted and decorated. On the Continent this'"art is carried to a 
pitch quite unknown in England, the most exquisite devices “in bas- 
relief and intaglio being applied to .candles for Roman 1 Catholic altar 
decorations. * 


Candles'of unbleached beeswax, for funeral purposes, are also sometimes 
demanded, but their manufacture doep not vary from the above. It must 
be remetnberqi that the “ wax" mentioned throughout is pure, air-cached 
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beeswax. No other waxes * are of anj» use, although much has been written 
about them, Japan, Myrtle, and Caraauba wax bum abominably, and a 
very small percentage ob either will ruin the finest beeswax candle. Some 
candles, made by the Boers from Myrtle wax found in South Africa, were 
exhibited in i886j but they burnt atrociously, and guttered unceasingly. 

' * Mould Candles. 

*As. before mentioned, the Sieur de Brez of Paris is credited with the 
introduction of this indention jnto England, if die did not actually pose 
as the originator of this process of candle-making. Although some 300 
years dlapsed between the period named (the fifteenth century) and the 
date whgn any risible steps were first apparent in thq direction of the 
manufacture of candles by machinery, yet it seems reasonable to suppose 
that the art of moulding candles must have been carried on from that 
early time in hand-frames, or sets. of moulds^ more or less resembling 
those employed ‘at the present day, since there is a want of information 
respecting the origin of the “ hand-frame” that points to its being a vbry 

K10. 36. 



early outcome of the Sieur de Brez’s innovation. In. the oldest candle 
factory in London (perhaps in the world), there appears no record of hand- 
frames being used earlier than rso years ago, although possibly this may have 
occurred by reiison of that firm’s having confined itstlf almost exclusively 
to the making of beeswax candles, the first suspicion of hand-frames,"** 
remarked elsewhere, being floincident with the manufacture of spermaceti 
candles by Sarah Field about the middle of the last century. Be this as 
St may, we have to accept the handjrame’s histgry as told, and can only 
conjecture that the steps between the*sinftlo mould of the Sieur de Brez and 
the exceedingly simple piece of apparatus known as the hand-frame of to-day 
cannot have been.very many or of much importance. 

Under the description of machine-made candles may also be classed 
such candles as are moulded rn hand-frames, as phis will then include all 
lights turned out, of “ pipes ” 0, “ moulds." The employment.of the hand- 
frame nowaday • is. restricted to the manufacture of spermaceti candles gener- 
, ally, and of those sugcial sizes or qualities of candles for which there is not 
sufficient demand to warrai much mqphanical assistance in Jheir production. 

Tire * hand-frame," as its name implies, is simply a small oblong port¬ 
able table, or framework of strong* wood, carrying a number of pipes or 

moulds. Its general construction will be readily seen from Fig. 36.* It may be 

• • 

* Except, perhaps, the Chinese Beh-la (Insect-wait), but that hardly evdfc comes to the 
English market. It is, besides, so very hard aiAl crystalline as to render the manufacture of 
candles from it a matter of much, difficulty. '* v 
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of any dimensions within the range a£ portability, bat as a rule would not 
have a capacity for more than three dozen candles, of a small size, dt about 
half that number of the largest ordinary moulds.. Unusually "large sizes 
of candles are made .individually in single moulds, the hand-frame never, 
when charged, being heavier than can be carried by any one of moderate 
strength. A hand-frame of average proportions measures about 6 inches 
wide, 24 inches long, and 18 inches deep, and coAtains three rows each' of 
eight moulds, to produce candles weighing six or eight to the pound. „ 

A single pipe is shown in section in Fig. 37, with a full plan viewed 
from either end respectively, and the following .description of the process 
of making candles in hand-frames is obviously modifiable when applied to 
the single pipe. 

The method by which candles are made id a handArame is 
substantially as follows. 

The wick for the purpose is previously cut into special 
lengths to surt the varitfus sizes of candles' manufactured in 
this way, and is technically known as “ eyed ” wick, having a 
small cotton loop or “ eye ” attached to of formed at one end of 
each length, whereby it can be suspended in the mould. After 
due preparation, or pickling (as previously described), e^icli 
length of wick is takon, anil the eyed end held beneath the tip 
of the mould. A piece of fine strong wire, the end of which is 
fashioned much as a crochet-hook, and having often a wooden 
handle, is pissed through the mould by the operator, who, 
hooking it into the eye of the wick, then draws this back with 
it into the pipe. At the trough end of the mould, the book is 
removed, and a piece of stout Li_ shaped wire, about 2 inches 
’ong, passed lioiizontally across the mouth of the mould, through 
tne eye, thus holding the wick in a vertical position in the pipe. 
At the under or tip end, the wick after being drawn straight, 
but not too tight, is secured in its place by the introduction 
of a little conical wboden peg, which a light blow with a hammer 
causes to hold firmly. The illustration of the single mould at 
Fig. 37 shows the little wire cross-bar, the wick, with its eye, 
and the securing peg at the tip end. The vertical bend of the 
cross-bar is of sufficient length to rise above the surplus material 
in the trough qf the frame when this is charged, so as to admit 
of its hemp readily withdrawn. Having wicked the whole set 
of moulds m a hand-frame in this way, the wicks are carefully 
adjusted by eye to as near the centre of the moulds as possible 
by shifting the horizontal cross-bars, and with them' the wicks, to the 
required position. ■ * 

The hand-frame is now ready "to f be charged. After being filled with 
the liquid material by means of a ^ jack,” or can with a flat wide spout, 
the frame is placed in water up to the under side of the tfough or in a cool 
place, according to the requirement of the material or the temperature of 
the atmosphere, until the> candles Have set quite hard. The little pegs are 
then withdrawn from the tips and the horizontal wire bare from the trough 
end, and the surplus, material in the trough is scraped 'off'by means of a 
blunt knife or “spud ” of corresponding width. «. t 

The hand-frame is now turned upside down, and a few light blpws with a 
mallet on the moulds speedily and sufficiently loosens the candles to enable 
them to be drawn out of the pipes. The wioks at the tips are trimmed to 
the proper length, and the candles are pow ready for packing, and the (jand- 
frame for re^wicking. . 

It may here mentioned that the chief reason for moulding spermaceti 


Fig. 37. 



Candle 
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candles in band-frames is that, having been the first modern candles produced 
from moulds, the public recognised them by tho slight impression across the 
base left.by the little .wire bar, and though this material may be equally 
well'moulded in steam-machines, yet the public would be inclined to doubt 
the identity of spermaceti candles not bearing this little mark. 

* 

Moulding Candles by Machinery. 


The real inventor of the steam candle-moulding machine is almost as 
unreal a person as thru. of the locomotive engine or many another per¬ 
fected iavention of to-day*. The mechanism which produces the bulk of our 
candles ij the outcome of Successive feats of ingenuity, <jne improvement 
following another, step by step, until, from the above described hand- 
frame, yielding only 4 or 6 lbs. of candles at a time, and that but once 
every coupje of hours, is evolved the continuous-wicking, self-fitting-end 
making machine, which tan give us a couple of dozen pounds of candles 
per turn-out, two or, three times an hour, until the supply of wick "is 
exhausted. * 


• Ever since State protection was granted to inventions, from early in the 
Seventeenth century, the historian, desirous of trdfcing the progress made in 
any particular branch of industry, 

carsalmost always follow it up by j, I0 _ 

searching the records of the ___ m 

Patent Office Library. Not T 1 
every man of inventive turn has. L_ 

shielded the work of his brains !j •> / fl \\ 

by a licensed monbpoly, but most if / jl \ \ 

great inventors have done so, and ]| J n l Yv\ 1 Jj 

by this means not only secured to I j|||f[j| 

themselves the temporary ad van- • . I WUL 

tages arising from their inven- \ / Jf\ 

tions, but left a detailed descrip- ngf V* _ 

tionbeliindthemoftheirmethods, Y. j 

invaluable alike to subsequent * |l|]]fjl 

workers on the same ground, and » 

to compilers studying the history Ic.Tt!..- 

of their work. Other and less Binns’ CaftUe Moulding Machine, 

trustworthy sources of informa- • .. 


tion failing us, therefore, ia discovering the “ inventor ”, of the candle 
machine, we can upeurth from tho Patent. Office ' ecords tf not altogether* 
incomplete history of this apparatus. 


Binns’ Machine .—In f ho first ypar of the present century, a Thomas Binns, 
of Marylebone, inventedcandle-moulding machine, the leading idea of which, 
the alternate application of heat and cold (in the form of steam and water 
respectively) to the moulds, in an uermetidhlly sealed box, forms one of the 
chief features in the present majia of canftle machinery. Otherwise, Binns’ 
apparatus had little else U> cur.mend it, when compared with later im¬ 
provements, alth" rfgb it must be confessed that the introduction of steam and 
.water into the box.eontaining the moulds was of great importance. The 
drawing at Kg. 38 gives a general view of Binns’ machiqe, which consisted 
of four sllch candle frames or boxes of moulds, loosely suspended on the 
front of the rim of a vertically pivotdtl wheel, which being arranged to be 
slowly revolved by gearing, brought tips sets of moulds alternately to be con- 
fleeted to the steam or water, pipes, according as to whether the moulds 
were to heated for the reception of *the material or cooled # after being 
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charged with it.' A somewhat strange claim of Binns in connection wit! 
this apparatus is his asserting its applicability to the manufactured bees 
wax candles, which, in effect, lend themselves most reluctantly tamachm 
production. Possibly the wish was father to the thought, that m toe con 
trivance for applying alternate heat and cold to the moulds, the beeswa 
might show itself readier of extraction therefrom. Be this as it may, eve; 
with the machines of to-day beeswax cannot be rhoulded satisfactorily,'an 
the means and appliances for this branch of the candle-maker s'art are tb 
same now as they were 200 years ago or more. 

Sa.-ipsnn’s Machine.—Vie have spoken "of Finns’ candle machine firs 
because it was the first to show any real advance in the collective mani 
facture of candles on the then existent hand-frame. But there is or 
patent prior to that of Binns, bearing the name of Joseph Stacey Sampsoi 
of Moorfields, in Middlesex, and dated 17th June 1796. The idea hei 
divulged is merely the combination of a number of the ordinary baad-frami 
c ' upon “the circumference of 


Fie. 39. 



Sampson’s Candle-Jtonlding Machine. 


horizontally revolving whe 
which brings the'troughs serial! 
beneath a vat containing tl 
melted material for chargir 
them. This apparatus will 1 
seen at Fig. 39, which, howe\e 
does not show the vat, but on 
the outline construction of tl 
machine. Sampson’s machin 
in addition, had a spool of cott< 
wick, conveniently fixed on tl 
vertical axis of the wheel (al 
unseen in the figure), so that 1 
could take a length of wi 
therefrom and thread it throuj 
one whole set of moulds ( 
even the entire machine) 1 
means of little hooks, such 
are described in wicking haD 
frames, the central position 
the wick being maintained 
bars of metal the length of t 
treugh, resting over the moul 


• of the moulds, fn which were drilled small holes, centrally over the moul 
to admit the passage of the wick at that end whilst the rip-end had 
similar-sized hole, as in the mould new employed Sampson s patent cov 
also a number of small appliances incidental to this particular machine, 
otherwise it is not remarkable as an invention, excepting ,m that it disclo 
a concentration of various parts, which often forms an important factor in 1 
progress towards perfection of any machine.^ 

Palmers" first Machine.-Both candle manufacturers and the pul 
appear to have remained satisfied with the result of Knns invention 
about a third <?f a century, as genius did not betray itself againat 
Patent Office in this direction until "the year 1832. At this date WL 
Palmer protected his idea, m spite of Binns patent of 1801, of encae 
the moulds of a hand-frame in a water-tight box, to contain the wa 
or other refrigerating liquid,” for cooling the ‘moulds. There is really 
novelty in this later patent than in Binns 1 , a3 no mention whatever is m 
of steam or (Other warming agents fdr preparing the moulds for the seoep 
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of the melted material, the water-tight boxes bring merely fitted with 
wooden plugs underneath, by means of which the water could be run off 
when the. cooling was, pompleted. Each box of moulds, however (Palmer 
mentions 36 pipes to each frame), was of larger dimensioasthan the ordinary 
hand-frame, and was pivoted at the ends, to enable it to be easily turned 
when the candles Were ready for extraction, simple means being devised for 
preventing any movement bf the machine on its pivots until it was ready for 
'this pperatidn. 

Morgdhn's Machine.—A. couple of years later, however, in 1834, we come 
to an invention which, for completeness of detail and general efficiency of 
design, may fairly be regarded as the father of the present candle machine. 

, In combination with the moulding frame, Joseph Morgan, of Manchester 
(the inventor), had means of ramming the candles out of the moulds, a 
sort of clamp to hold the candles when expelled, revolving knives for cutting 
the wicks (jom beneath the t made candles, and nippers to hold the free 
wicks in their central position in the moulds pending the pouring in of more 
material. Thus Morgan's machine, having movable pistons through which 
passed the wick,’was continuous wicking—-that is to say, the expelled candle’s 
place in the mould was taken by a fresh length of wick,.proceeding from 
the inverted tip-end of the new-mad^ candle, thfough the vacated mould 
and piston-tip to the reel or behb.n below the machine containing the bulk 
of the wick. • 

The action of the machine was briefly this:—The ^icks being drawn 
through each mould, were held accurately in its centre by the nippers 
above. The whole frame was run upon a little railway to beneath a vat 
containing the substance of the candles to be made, where the moulds were 
filled in the usual"manner. The machine was tnen “shunted” along the 
lino out of the way until the candles had hardened, when the nippers being 
removed and the superfluous material scraped off, the frame was run 
along again (others having meaawhile undergone the filling operations, 
isc.) to a table furnished with rammers, apd corresponding, in number 
ana position, to the moulds in the machino. The frame, which is 
pivoted, was then tilted to a horizontal position, so that the piston or 
tip-ends of the moulds faced the *rammers, which were then simul¬ 
taneously forced against them, so ejecting, by the movable tip-piece, the 
candles from the moulds. The caudles passed into a grooved divided box 
or clamp, hinged at one end and provided with a clasp at the other, 
so that on being shut down it held the candles firmly, and tl^e. 
wicks beneath being again centrally secured by the nippeijs, the portion 
above these and below the newly made candles w.is severtjd, so that, on * 
r^noving tho clamp full of candles, the machine was ready for refilling, 
as at first. " * . 

It is a pity that Morgan’s .*p''eifi«ation gives no complete view of 
the machine in question, though amply provided with drawings of various 
parts; for this reason it is not easy to give a figure of reference to this 
invention, the full importance i f which gan be gauged by the foregoing 
description, and will he more readi I v comprehended \Jhen compared with the 
description of m^c^es of a much later date. 

. Tuck’s Machine. —Another considerable development of the candle 
machine was contained in. the Inventions of Joseph Tuck, of Condon, under 
his patent? of 1837 and 1842. In Figs. 40 and 41 will*be seen views of 
Tuck’s machine, in which he employed "steam and cold water for varying 
the temperature of the moulds (which Morgan apparently did not), hut, like 
Morgan’s, his machine was continuous wicking, and was certainly snore self- 
hemtained^ and stationary. He had a single row of moulds only^and when 
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the candles were' ready, they were djawn out of the mould from above, and 
not pushed from below, the extracted candles being held in a damp, which 
though much like those in use at the present day, .was not designed to hold 
, the succeeding length of 

Nig. 40. Fia. 41. wick centrally in the moulds, 

i-r-i-- 1 . IffcO and accordingly clips had to 

be employed for this purpose, 
as in Morgan’s 1 machine. 
The clamp of Tuck’s, how- 
, ever, was used above the 
moulds, and the candles 
drawn into it, which was an 
improvenient on this detail ' 
o ( Morgan’s, though Tuck’s 
clamp was only meant to 
hold the candles pending the 
arrival of" another empty 
frame} which, being lowered 
from above, received them, 
prior to their wicks being 
severed. 

Palmer's Second Machine. 
—William Palmer, in the 
course of years, followed up 
, his patent of 1832 by many 
others, having apparently a 
genius for invention as re¬ 
gards candle-making ma¬ 
chinery. Although much 
of the subject-matter of his 
specifications relates to un¬ 
important and temporally 
detail, nearly all of which is 
now obsolete, there is a 
Tuck’s Cafldle-Moulding Machine. patent, dated 1845, which 
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claims careful consideration. In the machine he there describes, Palmer 
arranged the apparatus sdmewhat after Morgan’s fashion that is, with an 
.independent device for forcing the candles from the moulds ; and he claims 
the combination of the nozzles of the candle moulds, so that they are the means 
of forcing the handles therefrom—which claim evidently implies the employ¬ 
ment of the movable piston, covered by Morgan’s patent of 1834. Painter 
did not, like Morgan or Tuck, make,his machine a continuous wicking one in 
the ordinary sense, but he so constructed the frames that they stood one 
above the other, three sets of moulds thus being in a vertically direct line. 
By this arrangement he was a£le to wick the three lineal moulds together, 
bobbins of the wick being below fhe respective moulds of the lowest frame, 
as indicate^ in Fig. 42, which also gives A general idea of the theory of the 
machine. In order to wick the whole frame-length, a& w ,well as the three 
sets of moulds, simultaneously, a modification of the method employed in 
wicking hahcMrames was devised ; this consisted of *a long bar, suspended 
horizontally and* 7 exactly over the t&p set of moulds. From th% under side 
of this bar a number of long, hooded needles project, so distanced as to 
•enable Ahem to go down the centres of the moulds to take the wicks faom 
the bobbins beneath these. t This happened when the bar, by means of 
guides and pulleys, was lowered, find on it& return journey the wicks werf 




























GABDLE-MOTODINO MACHINES. * g$ 

drawn up through the moulds, "fh^se were then 
filled, and, when the candles were set, the wicks cut 
< between the sets of moulds. The frames were then 
detached from the machine and tfiken to a ramming 
bench, where the candles were expelled from the 
moulds. All the pistons being attached to one cross¬ 
bar,* this was a simple matter, and Figs. 43 and 44 
show the system of leverage, &c., employed. Palmer 
made use of steam and water for heating and cooling 

* • .* 

Fig. 43. 



the moulds, and those sli wn by the plan at Fig. 44 
do thus not quite compare with the single moulds 
shown at Fjg. ^2, but the wicking arrangement could 
obviously have been multiplied. 

Slninthorp's Machine .—Ten years later, in *1855, 
John Stainthorp, of Buffalo, New York, obtained 
a patent in America, which embodied all the elements 


Fig. 44. 



Moulding Machine with Palmer’s Candle 
Forcing Apparatus. 


of the caudle machtoe of the present day. The lead¬ 
ing featn-■■■» in this, besides the manner in which 
various improvements were brought together, were 
.the vertical ejection of the candles from the moulds, 
and '' clamp .to hold them in position centrally 
over the moulds, the machine bding a continuous 
wicking one. ‘There was no absolute novelty in 
Stainthorp’s invention, with, perhaps, the exception 
of the t clamp," but the happy constructive ability 
of the inventor • combined existing forms of the 
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machine, and modified them to produce the compact apparatus described 
in his patent, diagrammatic views of which are shown at "Figs. 45 
and 46. The clamp in question was not so much, designed’to,grasp the 
candles, but was me de to support them, and so avoid the risk of fracturing 
or bruising their surfaces. It consisted of two similar pieces of wood, 
having notches cut in their inside surfaces almost the entiife depth of the piece, 
(about four inches), the notches being graduated dff, so that after t]he caddies 
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Mtainthorp’s Candic-Moulding Machine. 


had passed between them, and the clamps closed together, the tips of the 
candles rested on the graduated parts, the ciotched incision closing round the 
shaft of the candle, but not tightly. The action will be best understood on 
reference to Fig. 47. 


IlwmistonU Machine. —Humiston’s patent followed closely on that of 
Stainthorp, too closely to allow of the idea of an infringement, although 
the inventions were practically identical.' Willis Humiston, like Stainthorp, 
• was an American, of Troy, New York 
Fig. 47. (though the latter is generally supposed 

to have been a Yorkshireman by birth), 
and his machino was, like Stainthorp’s, 
continuous wicking, and had also a clamp 
to hold the ejected candles centrally over 
the moulds. Humiston’s machine is 
shown at Fig. 48, and perhaps the most 
interesting detail is the damp (see Fig. 
50 in plan), and of Which Figs. 48 and 
49 also show views. It will be seen that 
tlfe clarjip (somewhat like Stainthorp’s in 
construction) consisted of two pieces of 
wood for each row of candles, similarly 
shaped, having semicircular notches cut 
"on their inside faces, the two parts being 
Part Section of Stainthorp’s kept asunder by springs, to admit of the 

Candle Machino. paspge of the candfeS’ between. The 

. insides of the notokjs were coated with 

india-rubber, to avoid hurting the .candles, and when these were duly in 
position, the handles of the clamp -were turned, and cam-shaped projections 
on the parallel handle rod both squeeied the inside pieces of wood outwardg, 
and drew the outside pieces inwards, piakingAhe candles secure in their em¬ 
brace. This was not quite so.good a method as Stainthorp’s, as by possible 
unequal pressure dong the clamps candles were apt to get broken, aud in any 
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case the tightly holding clamp must hive injured the smootH surface of the 
candles more or less. 

Hunriston’s American patent machine had a somewhat complicated 

Fio. 48. 



System of pulleys and ropes for raising the caudles simultaneously from 
the moulds, which was also the means employed lor raising the lifting-plate 
of Staiuthorp’s machine; but the modified apparatus shown by Morfit, in his 

.. 


mpf closed/ 


Clamps open, 


-ill _ 





Humiston’s Candle-Monldmg Machine. * ' 

“ Treatise on Soap and ’Candles,” gives" 
a rack and pimon to serve this pur¬ 
pose, as will be noticed in Fig. 49. 
•The iin> to which the pistons were at¬ 
tached was made somewhat elastic, so 
’hat, on, being started, the candles at 
the end# began to come out a little before 
• those towards the centre of tjie machine, 
any sudden jar on them being by this 
mefns avoided. Springs were also set 
between the outside of the pistons and 
the lifting plate, so as "to ensure a tight 
fit qf the former in the moulds, and thus 
> prevent leakage. . 

It will he observed that both Staicthorp and Humiston deqgrve much 
•credit for their inventions independently, jmd tWigh Stainthorp has priority 
of claim by a few months, Humiston’s machine in some of its details was 
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more valuable and well thought out. It is noteworthy, that in 1837, both 
these American patents were repeated in England through different agencies, 
the real inventors’ marnes being in neither case disclosed, and a olose 
observation, of the respective specifications of the agents, W. E. Newton and 
J. T. Pitman, reveals without a doubt the fact that the former was acting 
for Humiston, and the latter, filed but three days*later, for Stainth'orp.' 


Fio. 51. Fig. 5 2 - 





In 1856, Mr. E. A. Cowper* who was the consulting engineer to 
Price’s Patent Candle Company at that time, patented a means of ejecting 
candles from their moulds by compressed air, and machines with this con¬ 
trivance were employed by that company for many years, supplanting those 
older forms 01 Joseph Morgan’s, which we have already described. The 
former have, however, now long since given place to machines having 

1 Water 


Morgan's Steam and Water Circulating Arrangement. 

<■ t 

mechanical means for expulsion of thqxandles, of which 'constructions of 
Stainthorp and Humiston were the forerunners. < 

Stainthorp's and Humiston’s inventions bring in reality the historical 
view of the candle machine to a close, since in almost every particular the 
machines of 1892 are identical with those of their date, subject of course to- 
such minor improvements and modifications as the experience of candle- 
makers and their technical engineers have from time to time devised. 
Foremost among the improvements mentioned may be quoted the better' 
arrangements for equalising the distribution, of the heating and cooling 


Fig. 53. 
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agencies in the tank containing the taoulds. Down to 1839, it was eon* 
sidered kufifcient -merely to provide inlets and outlets in the tanks for 
introducing and emitting the steam or cold water, irrespectively of the 
course taken by currents • 

of these inside the tank, iG ' ^ 4 - 

which, however, tfas found 
by subsequent experience to 
run* in a direct line from 
inlet t<) outlet, cooling or 
warming those mould# in’ 
their immediate path to a 
much greater degree than- 
those ofltside this line. 

Consequently the candles 
from such moulds as did 
not obtain sufficient var*. ' 
tion of temperature, wore 
difficult to expel and not so 
satisfactorily made ns those 
wlkch had been properly 
treated — that is to say, 
particularly candles made 
from paraiii n,since stearine 
dtndles, being moulded 
from the material when all 
but at solidifying point, did 
not need so much*attentiou 
in this respect. In 1859, 

Morgan designed a machine 
having perforated pipes 
throughout the length of 
the tank, by which means a 
better circulation of the 
steam and water was ob¬ 
tained. Some time after, 
the tank was arranged to 
permit an overflow of the 
water at various points at 
a level near the top of the , 
moulds, which was drawn 
gff by pipes or drams placed 
outside the tank, as vjll 
be seen by Figs. 51 5-. 
and 53. 

A much neafer, more 
effective, and also economi¬ 
cal improvement has been 
introduced of la ta y ears by. 

Price’s Patent Candle Com¬ 
pany and is illustrated by 
Kg 8 - 54 . < 5 . “d 56. The 

steam and watei* inlets are _ 

placed at the lower corners of the tan£, the main supply pipes being beneath 
mstead of overhead as usual. ’ The side-drains are inside the tank, the water 
being carried off' by a pipe at one end. t The* pipes from both of the side- 
awine ioin together in the centre and pass out through the bettom of the 



I rice’s Pitent Candle Co.’s Improved 
Candle Machine. 
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tank and down the inside of one leg of the machine, to the main' drain 
below the floor, the whole system of circulation being thus kept within the 
walls of the machine. • ,. 

American and Continental practice shows but a slight variation on' the 
model English machine, as will be gathered on examination of the following 
illustrations, which represent at Figs. 57, 58, and 59 an*English machine; 

Fig. 55. ■ ‘ 



' Price's Patent Candle Co.’s Improved Candle Madice. 


Kg. Co (p. 9i)i§ of American make, whilst Kgs. 61 and 6 c (p. 92) are Frenoh ' 
and German respectively. It will be noticed that the latter are provided with 
coverings for the bobbins, the French machine having a Cylindrical metal 
casing, the German a platform over t*he collective bobbins. These are in¬ 
tended td keep the wick from dust and dirt,' leaks from the tank, <fcc., it 
being highly essential that the Cotton in the candle should be absolutely free 
from dampness or foreign matter. * In the Ohio Silver Plate Company’s 
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machine, Kg. 60 (p. 91), the bobbins are placed vertically and do not revolve, 
the wick being drawn from them somewhat after the way that silk is taken 
from a cpooon. 
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Cowles’ Candle-ftoulding Machine. 

•• • 


In fojjowing up the progress of the candle machine from infancy to 
naturity, so much description has to be given to details commanding special 
sttention, that perhaps general construction has been put somewhat in the 
'hade* It will not therefore be amiss, with the above figures to ‘guide us, 
o give a general outline description of the fiandle-making machine of the 
iresent day. * , 
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Fig* 58. 



Cowles’ Candle-Moulding Machine (Improved) ready for Filling. 
Fig. 59. 



Cowles' Candle-Moulding Machine (Improved) jitter candles have been 
ejected with clamps above. * 
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• 

The water-tight tank, so often inferred to above, is supported on a 
fnunewflrk.of- oast iron, and is from three to five feet long, about 18 
inches across, by a foot'deep. It is usually divided down the oentre, each 
half containing a range of two rows of moulds. The *moulds traverse the 
tank vertically and are soldered into the trough end, being secured under 
the bottom of thS tank by a screw-nut, the mode of fixing which is similar 
to that sjjown at A, Fig. 63 (p. 93). A cross plate of the frame at its base 

Kjg. 6a 



The Ohio Silver Plate Company's TJandle-Moalding Machine. 

(which serves tp ftp the two end legs or supports) has on each side a number 
of horizontal axes corresponding witlfthe number of moulds, each axis being 
'placed respectively*1>eneath each mould. On these are put the wooden 
bobbins igound with the prepared wiSk. From the bottom of the moulds 
project the pistdh stems, to the uppei; ends of which are attached the tips 
of the mould, the lower end being screwed to the “ lifting-plate,”, which is 
just above the fin me of bobbins, and which is guided by the entjs or legs of 
the machine, grooved for this purpose. , There is a rack and pinion on both 
sides of "the machine, the pinion being secured vertically to the tiftijig-plate, 

whilst the fmcncn hna on nnd eido nf thd tnorJiinc n Inmr IsvAr. which sArvvuL 
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Fia. 6t. 



Morane’s Candle-Moulding Machine. 
Kio. 62. 



WunBohmann's Candle-Moulding^ Machine*. 
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Fra. 63. 


FIO. 64. 


CANDLES TICE SELF-FITTING ENDS. 

• 

to raise the lifting-plate, and with it the pistons, thus expelling the candles 
from th% moulds/ The pistons, with their stems, are of course hollow, to 
admit the passage of .the wicks. These are, in the first instanoe, drawn 
through by hand, and secured * 

centrally above the moulds by 
little clips, a sufficient number 
thereof ' hping on a lighff framo- 
' work, which can be removed or 
thrown- back on hinges after the 
first filling. When tWs is cow« 
pleted §nd the clips removed, the 
surplus material is scraped off, 
and the •trough surmounted by 
the clamps (already described at 
length), the candles coming up 
into their respective places there¬ 
in. By turning the handles on 
the clamps the canifles are se¬ 
cured, when the lifting-plate is 
■alljwed to descend taking the 
pistons with it, hut leaving tin 
moulds with a length of wick 
down the centre, which was 
drawn from the bobbins as the 
last made candles were puslie4 
out. The moulds can now be re¬ 
filled, and when this material has 
set the wicks of the clamped 
candles may he snipped below 
and the candles removed. The, 
surplus material is again scraped 
from the trough, and the above 
described series of operations re¬ 
peated until the supply of wick 
on the bobbins is exhausted. 

Jo\m% F oTiZ\A^!te,ntM hif invention for glvung the ends °f Judies a 
conical shape to ensure their fitting tightly into most brdmary candle socket*. 
The patent was comprehensive, but many inventors have 
since claimed variations on this invention which were rea lly 
fiovered by Field’s speci(jcation. After many experiments, 
the now well-known self-fitting end,*Fig. 64, was adopted, 
and since the expiration of the patentee corrugations have 
assumed many farms, according to the experience o 
manufacturer. The latest improvement 1* that of Wigfields, 
whereby a saving of material is secured* to the ijeneht ot 
the duration of yie candlg, anti the butt itself is f° und 
fit very firmly« iflto the sockets of ijpst candlesticks. (!see 

* ^Machines to contract tl.cso self-ffying candles musthavh 

special appliances for moulding the ends, since it W.tfMds Self- 

readily understood that the inverted* cone forms an impedi- fitting ana. 

ment in the way of expelling the candles. , T n nnd T Field 

Edward Cowles, who first.made the machines for J.OuriLI 

* employed a casting containing the upper end o * . 



Field’s Self-fitting 
End. 


Fra. 65. 
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removed by a chain and pulley when fhe 'materia! had set, the candles 
being then pushed out in the ordinary manner. Since then, however, the * 
ingenuity of candle-machine makers has brought jprward a‘ number of 
methods for securing a simple and effective device to extract the self-fitting 
ends from the moulds, of which, perhaps, the best at present is that of 
W. E. Hutt, patented in 1881, and shown by Figs. 66, 6f, and 68, wherein 

FlO. 66. ■ ' 



the moulds for the butts are cast in’ Ane pipce, made up of two halves, which 
by turning a lover are raised in slotted guides so that they come apart 
sufficiently to allow the complete candles to pass up between them. When 
these are duly elai._ led, the lever is reversed and the two halves of the 
moulds drop down the slots, comffag close together again on the surface of 
the moulds, which are then ready for another filling. • 

Morane, of Paris, has also effected the desired end, But' in his case the 
moulds are 6aqt entirely in one piece, a little slot passing from the inside 
edge of the mould.to the outside of the casting, to enable the wick to come 
through. These castings are formed as bars, having a handle at each end, 
by which they are entirely removed 5 s they lie flush on the surface of the 
moulds.' A slight objection to this {netted is that paraffin being so very 
fluid when melted, unless the two surfaces are in actual contact throughout, t 
it leaks between, and necessitates‘the use of hand labour to subsequently 
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trim the candle. This, however, is f necessary in any 8as|p to a oertain 
extent, owing to the material forming a little wedge in that slot' mentioned 
which is left for the passage of the wick. 

Fancy Candles .—In the great variety of fancy candlts that are now in the 
market, there are many forms adaptable to machine moulding, the two chief of 
which are the spirtil or cabled form of candle, and the fluted. The latter pre¬ 
sents no special difficult!* in manufacture, the moulds being merely grooved 
according to the requirements of the candle to be made. Tim former, how¬ 
ever, is-aot so easy t< > arrange for, provision having Jo be allowed for extracting 
the twisted candles from the nyfulds. Morane’s original patents of 1871 all 
admit of this with much simplicity and efficiency, so much so, indeed, that 




Hum's 1 elf-fitting Moulding Machine. 

120 candles can be simultaneously taken from the machine with the same, 
ease as from one of the ordinary construction. The moulds are cast with 
the female thread, as it Were, of the $pii»l, and the tip, fitting the mould 
closely, is naturally of .. corresponding, plan configuration, and must follow 
the twist of the mould us it ascends, pushing the candle with it. io this 
end, instead of being firmly fixed to the lifting-plate, the pistons are per¬ 
mitted to revolve therein, and rertainty (/ action and steadiness are i }^ eT 
ensured by a little additional thread or worm of wire of the same pitch“ 
the mould-thready surrounding the piston-stem below the moulds, into 
which it works when the caudle is some distance up. Fig. 69 shows a cable 
• candle made by thifwmachine. Thesenvere ongmally, and ar. still to a great 
extent, turned to this contour by a h«nd-latlie of peculiar construction the 
invention of the-late Arthur Field, this lathe bemg also capable of cuttrng 
•andlee to various patterns, and of infinite and beautiful variety. 

A last modification of the candle machine is employed for producing tho 
. « perforated ” candles, which have two or more channels running down their 
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length to receive the melted grease when the candle is inclined to gutter. 
Such a candle is shown at Fig. 70, and to produce it the tip on the piston 
has a corresponding number of shafts or prongs to thp, channels'to he made 
(usually throe) vertically in the moulds, and these of course rise and 
Fig. 69. f a j] w ithi the piston. 

Night-Lights .—A brief description of ,the machinery employed 
\ in the production of these useful little lights may well be included 
Ji in this article. The night-light, as is well known, usually consists. 

/ of a body of material of the substance of which candles 
7 , are made—generally cocoa-nut oil,‘(,teaiSne, or paraffin, or Fxo. 70. 
j mixtures of them—being circular in form, and about i.j 1 | 

/ inch across, by i| deep. The wick is very fine,' whereby < 

y, the light lasts a long time, the general duration being six, jj j] 

y, eight, or ten hours. It is passed through and held by a !j 1 

y. little flat “sustakier” of tin or other suitable suhstance,,at ij ! 

y. the base of the night-light, and the xvholfe either -encased II I 

in a cardboard cup of corresponding dimensions, and burnt ! I i . 

in a saucer containing a small quantity of water, 6r else |j | I 

a consumed in a glass dish just large enough to hold it, in i ; i 

which case no wrter is necessary. For many years night- i'i'l 

lights were entirely hand-made, and a large proportion are i j | j j 

still so manufact ured, the sustainin' and wick being secured j1 j j! , 

to the bottom of the cup and the molten grease skilfully j; j jj 

poured iu”up to the brim. "With competition and increase jj i ij 

of the trade, however, it has become necessary to produce 11 j ! I 

, 'y A a neater and better light in greater quantities, and to this j 11 j I 

yj rfjf end machines have been devised to suit the various forms jj I ii 

III of nigh t-light, whether for decoration or ordinary household j j j I 

illllllll uses. The framework of a night-light machine resembles jj ji 1 

« that for candle-making in that it has a water-tank carry- j! jj 

ing a number of hollow moulds, and the lights are ejected ij !l 

. by pistons. Here, however, the resemblance ceases. As 

yet, the night-light machine is not continuous wicking. jjdgu 
The pistons are arranged with pins projecting upwards 
from their centres, and these form passages for the wicks, 
whioh are introduced subsequently. In the latest form of machine, the 
pistons are capable of being graduated down the mould, to suit the size of 
light to be made, and ,the “ blanks ” (as the cylindrical lumps of made-up 
material are termed), are expelled by means of a lever, instead of the more 
..cumbersome rack and pinion motipn. Otherwise the process is as in candle- 
moulding. The blanks, of which some 120 to 160 are turned out at once, arc 
from thence treated by hand. The.wicks, already prepared with the sus- 
tainers, are passed through the little passage in the blank left by the pin 
in moulding, and the whole put into the cardboard cup. To further sustain 
the wick and securely unite the separate, parts, the wick is often passed' 
through the bottom of the eup ancj. caused to adhere thereto by the applica¬ 
tion of a little sealing-wak. * 

A cheap fbrm of this class of candle, known as a “ buckgi, %lit,” is formed 
of cheap steaone, run by hand into shallow tin cylinders standing on a level 
marble slab, tha.sustainer and wick standing upright in <#te centre, as roughly 
adjusted by eye. These are much used for illuminations in coloured lamps, 
in gardens, &c. 

We are indebted to the editors of “ Engineering” for many of the fore* 
going illustrations, and some of the material for the descriptions. 
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CHAPTER I. * 

leneral History of Petroleum. 

• 

Oke of the earliest descriptive references to petroleum was made by 
Herodotus, who about the year *450 B.c. gave an interesting account of a 
well at Arderrikn, thirty-five miles from Su,>a, producing “ asphalt, salt 
and oil,” the mixthre being drawn from the well in a bucket made from a 
vino-skin, and poured into a receptacle, when the asphalt and salt became 
solid, and the oil, which was black and had a strong odour, separated. This 
w iter also describes one pitch sprung «of the Island of Zante, and mentions 
that bitumen brought down by the waters, of the Is and Euphrates was 
employed in the building of the walls of Babylon. Aristotle, about 35cfB.c., 
Strabo, 25 b.c., Pliny, about a.d. 50, Plutarch, about a.d. 66, and others, 
describe deposits of bitumen occurring on the eastern shore 4 s of the Adriatic 
Roa. Strabo, and Diodorus of Sicily (about 25 B.C.) refer to the use by the 
Egyptians, for the embalming of their dead, of the bitumen found in the 
valley of the Indus, and the former relates how this substance rose to the 
surface of the Dead Sea during or after earthquakes. Pliny and Dioscoridqs. 
also mention the oil of Agrigentum, which was used in lamps under the 
name of Sicilian oi(. .Plutarch records that, a Macedonian, ttho had charge 
o‘ Alexander’s baggage, dug on the banks of the Oxus, and that “ there came 
out oil which differed nothing from natural oils, having the glosse and 
fatnesR so like as there could be tliacowreil no difference betweon them.” 
The Book of Genesis contains a distinct reference to the use of petroleum in 
the building of the”tower of Babel the word “ slime" in the English version 
being rurfaXroc in the Septuagint and bitumen in the Vulgate, and there is 
a tradition that the material fori.he purpose was collected from the so-called 
pitch fountain o£ Q^un Hit on the Euphrates. Notices of petroleum springs 
and gas wells are stated to occur in Chinese records of great antiquity, and 
there is little doubt tfeat natural gas Was employed as fuel in China cen¬ 
turies before the Christian era. The existence of petroleum oil and gas in 
Japan has also be8n known for a long .period, and Mr. Lyman, in his first 
report on the Geological Survey of Japan, published in 1877, states that the 
oil wells of Echigo are supposed by the inhabitants to have been dug several 
•hundred years ago. He adds: “ It is said in’the Japanese history called 
‘ Kokushiriyaku ' (I am told) that rock oil (or 1 burning water ’) «vas # found 
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in Echigo in tie reign of Tenjitenno* which was 1200 years ago, or about 
a.d. 615, and that was probably at Kusfldzu, where tWe are. stfll many 
natural exposures, a$ well as dug wells. The name bt the place, 1 Kus6dzu, 
is the name given in the country to rock oil, and it means 1 stinking water ’; 
and the very fact that the word is by contraction changed from its original 
form, Kusaimidzu, shows of itself considerable, antiquity. Natural _gas 
even is called Kaza Kusfidzu, the first two syllables meaning wind or air, 
and evidently identical etymologically with our very modem western 
word gas.” * t f 

Gibbon records that when Heraclius (a.’x). 6fq) wintered at the mouth 
of the river Kura, seventy miles south of Baku, his “ soldiers extinguished 
the fire, and destroyed the temples of the Magi.” This is no doubt a refer¬ 
ence to the “ eternal fires ” at Surakhani, on the Apsheron peninsula, which 
have probably been frequented by fire-worshippers from the time of 
Zoroaster, who lived not later than about 600 B.C, A temple is pow stand¬ 
ing on the spot, and the petroleum gas issuing froin the earth can still be 
ignited on the altars. This temple is, however, considered to be of Hindu 
origin and not more than two centuries old. A similar tempie exists in the 
Punjab. 

Marco Polo, who wrote in the thirteenth century, is supposed to have re¬ 
ferred to the petroleum of Baku, when he stated that there was in this neigh¬ 
bourhood an abundant spring of oil, not good for food, but good to burn or to 
anoint camels that.had the mange. In 1436, petroleum from the shores of 
the Tegernsee, in Bavaria, was employed medicinally under the name of 
St. Quirinus’ oil, and in 1640 Francesco Ariosto claimed to have success¬ 
fully treated cases of itcli in men and animals with petroleum which lie had 
discovered at Mont Libis, in the Duchy of Modena. The natural gas at 
Surakhani, already alluded to, was described by Jonas Hanway, in the 
middle of the eighteenth century, as giving a flame in colour and gentle¬ 
ness not unlike that of a lamp that burnsuwith spirit, only more pure, and 
sometimes rising to a height of.eight feet when the wind blows. Tcheleken 
Island, on the opposite side of the Caspian Sea, was also described by 
Hanway as being peopled when he visited it in 1743 by thirty-six families, 
who owned several wells of naphtha, and carried on a brisk trade in selling 
the oil to Persians, Turcomans and others, having two dozen large boats 
employed in the transport of the liquid. 

According to Professor Peckham,* the earliest mention of the occur¬ 
rence of petroleum in North America is dated 1629, though undoubtedly 
the existence apd certain uses of petroleum were well known to the Indians 
very long before. In the year mentioned, a Franciscan missionary, Joseph 
de la Roche d’Allion, who had crossed the Niagara river into what is now 
the State of New York," wrote a letter (published’ in Sagard’s “ Histoire du 
Canada,” in 1632) in which he described the oil springs and gave the Indian 
name of the place, which he explained to signify “There is plenty there.”. 
In 1750, the commander of Fort Duquesne wrote to ‘General Montcalm, 
describing the ceremonies of the^eneca Indians as ending in the ignition, 
by means of a torch,‘of the scum which .covered the surface of a small 
stream flowing into the Allegheny. About the'same period, or a few years 
later, Peter. Kalm published in Swedish a hook of travels,’in which was a 
map showing correctly the position on Oil Creek of the petroleum springs 
which afterwards, became so famous; ( 

In 1763, the English Government sent an embassy to’-the Court of Ava, 
in Bunpah, and in the journal of the embassy Major Byrnes thus refers Ao 
the petroleum wells on the Yenangyoung (“ Earth-oil Creek”), a tjibutary 
of the Irrawaddy: • 

o '■ 

* Census Beport on the Production, Technology, and Uses of Petroleum. WaBhJngfton, 1884. 
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“ After passing various lands and tillages, we got to Ye'nangyoung, or 
Earth-oil Creek, dbout two hours past noon. We were informed that the 
celebrate’d wells of petroleum, which supply the whole empire and many 
parts of India with that useful product, were five miles’ to the east of this 
place. The mouth of the creek was crowded with large boats waiting to 
receive a lading of oil, aijd pyramids of earthen jars were raised in and 
around the village, disposed in the same manner as shot and shell are piled 
in a"h arsenal. This is inhabited only by potters, who carry on an extensive 
manufactory, and find £ull employment. The smell of the oil is extremely 
offensive. We saw several'thoftsand jars filled with it ranged along the 
bank; tome of these were continually breaking, and the contents, mingling 
with the # oand, foftned a very filthy consistence.” At this Jame there were 
stated to be 500 wells, yielding in the aggregate 90,900 tong per annum. 

The existence of petrofeum in Galicia is said to have been discovered in 
1771, in wjiat is now the oil field of Sloboda-Itnngirska, near Kolomea; but 
tho crude oil wasno doubt collected in aprimitive fashion, long before that time, 
for use as a lubricant,gtnd as a remedial agent for outward application in cades 
of cutaneous tlisease. In T7K8, Winterl examined a thick black variety of 
petroleum, occurring between Peklenicza and Moslowina, ii^Hungary; and in 

1791, Martinovich gave an accoimt v of a dark-btown petroleum found in 
Galicia. According to Dr. Gcsi cr, the existence < f aspbaltnm and solid 
bitumen at Santa Barbara, in Southern California has been known syncs 

1792. In 1811, the pitch lake of Trinidad,near the mouth of the Orinotas, 
was visited and described by Dr. NicholaaNugent. Mr. ]?. St. John Fnirman 
states that the streets of Genoa were first lighted with petroleum from 
Miauo, in the Duchy of Parma, in the year 1802. The crude petroleum 
from the locality "was examined by Saussure in 1317. 

Mr. Charles A Ashburner, geologist in cuarge of the Pennsylvania 
Survey, is of opinion that possibly natural gas was first obtained commev- 
rially in the United States at Fr«do»ia, Ohatauqua Co., New York, where a 
well was sunk on the bank of Canadaway Ojeek, near the main street bridge, 
in 1821, and sufficient gas was obtained for thirty burners, the inn.being 
illuminated with the gas when General Lafayette passed through the village 
about 1824. • 

As far back as 1810, or between that date and 1818, Seeker and Mitis, 
who owned wells in the Drobobicz district in Galicia, are reported to have 
distilled the oil, and the Alstettering, in Prag«e, is stated to have been 
lighted with the product. The refinery which supplied the total require¬ 
ments of the city in question (300 cwts. per annum) was situated 
at Kabicza, and tjie oil appears to have Iqeen sold at 35 "florins per cwt., 
abut the company whioh carried on this refinery suspended operations 
in the year 1818. Persian petroleum’wa* distilled'by Unverdorben in 1829, 
and a small quantity of solid “fat” (ffitained, and in 1831 Christiaan and 
Gregory obtained paraffin from Kangoon petroleum. In 1836, the petroleum 
from the Tegern Lake in Bavaria, already referred to as being known by 
the name of St. Quirinus’ oil, was examined by Kobeil. 

In 1833, Professor Silliman published the following account of the oil¬ 
spring of the !jei$(ca Indians, near Cuba, Now York. 

“ The oil-spring, or fountain, rises in the midst of a marshy ground; it 
is a muddy and dirtiy pool of ahout eighteen feet in diam^er. The water 
is covers^ with a thin layer of petroleum, giving it a foal appearance, as if 
coated with dirfy molasses, having a yellowish-brown colour. They collect 
the petroleum by skimming it, like cream from a milk-pan. For _thig pur¬ 
pose they use a broad flat board, made thin at one edge like a knife; it is 
1 moved flat upon, and just under the aurfS.ce of, the water, 'and is goon 
covered by a thin coating of the petroleum, which is so thick *nd adhesive 
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that it does not fall off, bat is removed by scraping the instrument on the 
lip of a cup. It has then a very foul appearance, jhke very flirty tar or 
molasses, but it is purified by heating and straining it while hot through 
flannel or other woollen stuff. It is used by the people of the vicinity for 
sprains and rheumatism, and for sores on their horses, it being in both cases 
rubbed upon the part.” • 

In 1847, Mr. James Young, whose name is so well known in &nne($ion 
with the Scottish shale oil industry, obtained the right of working, a petro¬ 
leum spring in the Riddihgs Colliery, at Alfretop, in Derbyshire, to which 
his attention had been directed by Mr. Lyon Playfair, now Lord Playfair. 
The supply of the raw material soon Became exhausted,, and Mr.'Young 
was forced to seek for another source of the products he had manufactured. 1 

After the failure in 1818 'of the company formed to reline petroleum in 
Galicia, no further attempts to develop the industry in that country appear 
to have been made until the year 1852, when.a person 'named• Schreiner, 
carrying on the business of manufacturing cart grease from crude petro¬ 
leum, collected, when boiling the material, the drops 'of liquid which con¬ 
densed on the cover of the vessel, and took some of the strong-smelling ojl 
to an apothecary <uamed Mikolasch, who had on assistant of the name of 
Lukasiewicz. The latter,“with his colleague Zeh, treated the liquid with 
sulphuric acid and caustic soda, and found that the refined oil burned well. 
Renewed attention being directed to the subject, in the following y&r 
Galician potroleum r \vas substituted for caudles in the lighting of the btation 
of the Emperor Ferdinand’s North'Railroad, and in 1854 this oil became 
an article of commerce in Vienna. 

In 1854, Mr. Warren de la Rue obtained a patent for a process of 
manufacturing paraffin and other products from petroleum. The crude oil 
with which he experimented was obtained from the Yenangyoung district 
in Upper Burma, and was imported under the name of Rangoon oil. For 
some time afterwards the refining of this material was carried on by Price’s 
■ Patent Candle Company and Messrs. Charles Price and Co., but the industry 
ultimately became unprofitable. 


II. Historical' Aooount of the Development of the Petroleum 
Industry in the United States. 

The drilling of the celebrated Drake well in the United States, in 
t'he year 1859,, marks the commencement of the rapid growth of the 
petroleum industry in that country. Prior to that event, the supplies of 
crude petroleum had been so scanty that the American mineral oil refiners* 
were compelled to employ bituminoug coal as the^ source of their various 
products. Attention had, however, fer souie time been given to the ques¬ 
tion of obtaining the petroleum stored in the earth. umbers of wells 
drilled for brine yielded petroleum in small quantity, and one such well 
near Burkesville, Kentucky, drills^ in 1829, produced several barrels of oil 
at intervals of five minuses, the oil so obtahied being sold in bottles as 
American meflicinal oil. At length, in 1854, a tract Lshd 105 acres in 
extent, on what was known as Watson’S Flats, embracing the island at the 
junction of Pitta and Oil Creeks, was s&ured for the purpose of systematic 
experimental drilling. This property Vas ultimately leased # to an organisa¬ 
tion termed the Seneca Oil Company, ^ho employed Mr. Drake to drill an 
artesian well for oil. After overcoming many preliminary difficulties arising* 
from inexperience, Mr. Drake “struck oil” on the 28th August 1859, the 
drill entering a cavity in the rook at a dSpth of 33 feet and falling 
six inches. On the following day (Efunday) Mr. William Smith, whb with 
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his two sons had been employed in drilling, found the bore-hole nearly full 
of a liquid, and on drawing up a small quantity in a tin cup ascertained that 
the fluid whs petrolejvn. After this successful result, drilling for oil took 
place with great activity, the operations being, howevA, at first confined to 
the valley of the Allegheny and its tributaries. Prom this date, coal-oil 
refiners began t &substitute crude petroleum for bituminous coal, and the 
distillation of the latter toatorial for oil soon ceased to be profitable. In 
j8f>5, th? area of tho producing territory was very considerably enlarged, 
wells bejng drilled over a tract of country extending from Manitoulin Island 
to Alabama, and from*Missou(i to central New York. In Pennsylvania, 
oil was also found at Smith’s Ferry, on the Ohio river, in Beaver, and in the 
hill region lying jn the angle formed by 00 Creek and the Allegheny river, 
from Tidioute across to Titusville. Henry states that: *“ At the end of 
1861 commenced the flowing-well period, with an addition to the production 
of 6000 or 7000 barrels a day. The price fell to *0 cents a barrel, then to 
15 cents, find theh to 1a cents. Soon it was impossible to obtain barrels 
on any terms, for all the coopers in the surrounding country could not make 
them as fast #s the *Empire well could fill them. Small producing wells 
were forced to cease operations, and scores of operators becamo disheartened, 
ard abandoned their wells. The production during the Jarly part of 1863 
was scarcely half that of the beginning of 1862, and that of 1864 was still 
less. In May 1865, tho production had declined to loss than 4000 bqjrels 
per day. Commencing at Titusville, in 1859, the tide of development swept 
over the valley of Oil Creek, and along the Allegheny rifer above and below 
Oil City for a considerable distance; then Cherry Run in 1864. Tiien 
came Pithole Creek, Bcnninghof, and Pioneer Run; the Woods and 
Stevenson farms, on Oil Creek, in like succession, in 1865 and 1866; 
Tidioute and Triumph Hill in 1867, and in the latter part of the same year 
came Shnmburg. In i860, the Pleasantville oil-field furnished the principal 
centre of excitemerd ” 

Moanwhile, in West Virginia? in Ohio, and in Southern Kentucky, oil¬ 
fields \\ere developed. In 1860, an old brine well at Burning Springs West 
Virginia, that had yielded petroleum, was cleaned out, and tubed, and a 
yield of fifty barrels por day socurec^ Another well drilled shortly after¬ 
wards to a depth of only 100 feet, flowed as much as ioot> barrels per day. 
Tn .1864 and 1865, a number of deeper wells were drilled and a considerable 
quantity of oil was obtained. , . 

From 1870 to 1880, the region between Tidioute and Oil Creek gradually 
became of smaller importance in relation to the entire producing territory 
in Pennsylvania. Wolls had previously been drilled nean'the junction of 
the Clarion and Allegheny rivers, and in f868 a successful well on the hill 
Shove Parker’s Landing .led to the development of what is termed the 
“ lower count!y,” lying ;, i Butler, Armstrong, and Clarion counties. In the 
meantime, other operators prospecting in a north-east direction from the 
“ upper country” of Oil Creek, found oil in the neighbourhood of Bradford, 
in McKean County, and thus commenced the development of the enormously 
productive Bradford field. In J),:cember»i 878, four years after the drilling 
of the first successful well i» the Bradford territory, the production of oil 
in that district* a nounted to a daily, average of 23,700 barrels, or about 
four-sevenths of th(^ total daily production of the State o£ Pennsylvania, 
and two years later the Bra.,Surd fiel$ produced 63,005 barrels out of a 
total of ^,215 barrels. In a paper read at a meeting of the American 
Institute of Mining Engineers, in* September 1885, Mr. Ashburner, 
geologist in charge of the Pennsylvania Survey, classified the producing 
territory in the States of Pennsylvania and New York into tbe following 
six principal districts: 
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1. Allegheny district, including Richburg, with an area of twenty-tight 

square miles, and several small outlying pools in Allegheny County, bring¬ 
ing up the total area to thirty-one square miles. ,. . 

2. Bradford district, embracing the oil-pools in central and southern 

McKean County, Pa., and southern Cattaraugus County, New York, with 
an area of 133 square miles, 121 square miles of which are' included in the 
Bradford field proper. ‘ ' 

3. Warren district, comprising the oil-pools in eastern Warren County, 
and north-eastern Forest County, Pa., with a total area of thirty-five square 
miles, the two largest pools being the Clarendon, in* Warren County, with 
an area of fourteen square miles, and the Cooper and Sheffield, partly in 
Warren and partly in Forest, covering an area of. nine square miles. * 

4. Venango district, with jm area of sixty-four square miles, including 

forty distinct and well-recognised pools, the largest being that which lies 
between Oil City on the south and Pleasantville on the north, covering an 
area of twenty-eight square miles. ■ - ' * 

• 5. Butler district, including the oil-pools in Butler and Clarion Counties 
and south-eastern Venango County, the total area being eighty-four square 
miles, of which seventy-six are embraced in the Clarion, Butler and Arm¬ 
strong fields, and “'he Butler cross-bolt. 

6. Beaver district, including the 'two principal oil-pools known as 
Slippery Rock and Smith’s Ferry. The former pool, and that portion of 
the tatter east of the Pennsylvania State line, cover an area of about 
sixteen square mil tv.. 

Mr. Ashburner added that outside these limits a small amount of oil 
had been found in isolated pools at the soutn and south-east of the Beaver 
and Butler districts; at Mount Nobo in the vicinity of Pittsburg; in the 
neighbourhood of Pleasant Unity, Westmoreland County ; near the mouth 
of Dunlap Creek in Fayette County; along Whiteley Creek, west .of 
Mapletown, and along Dunkard Creek, north of Fairview, both in Green 
County, and in the vicinity of Washlnffton, Washington County. The 
“ small amount” of oil found in“the last-mentioned locality was not at first 
considered to be an indication of much promise, but the principal feature of 
interest in the production of petroleum in Pennsylvania during the year 
1886 was, nevertheless, the rapid development of the Washington field. In 
December 1884 a well was drilled on the Gantz farm, near Washington 
(Washington County), by the Citizens’ Fuel Company, for the purpose of 
obtaining natural gas to be used as fuel. At a depth of 2200 feet, oil, and 
not gas, was obtained,"but the yield was not considerable. In August 1885, 
the famous Gordon flowing well was completed,' and renewed attention was 
directed to the field. In March 1886, the Pew and Emerson “Manifold ” 
well, and in the following month the Thayer well,, the latter flowing 2006 
barrels per day, afforded indisputable evidence of the richness of the field, 
and during the month of August thh production reached its maximum of 
about 16,000 barrels per day. After that period the production steadily 
declined, and for the year 1887 was only 4800 barrels per day.* 

The oil-belt running.through the principal producing territories named 
lies on a line extending in a north-easterly and south-westerly direction,' 
this line being termed the 45 0 line. See Map (Fig. 71). •» 

The chief event of recent years in the history of the petroleum industry 
of the United States has been the remarkable development of the Ohio oil- 

* A few miles due north of the Washington field, and on the borders of Washington and 
Allegheny .Counties, lies the recently developed McDonald field, the very productive character 
of which has attracted so much attention. This field, with an area of not more than 2000 
acres, was prMuoing in Ootober igni between 50,000 and 60,000 barrels of oil a day. One 
well yielded as much as 15,000 barrels a day, 
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fields. Prior to 1 1885, the production of that State was not very large, 
though it had been growing steadily during the previous ten years, but m 
1885 the drilling of wells proceeded with great activity'and the yield has 
increased to enormous proportions. Petroleum is fohhd both in the eastern 
and in the western portions of Ohio, but it is in what is known as the lama 
district in the north-western part of the State (see Map, Pig. 72), that 
the principal production occurs. This oil unfortunately contains sulphur 
compounds which are extremely difficult of removal, and it is therefore not 
a satisfactory source of kerosene, but it appears to be well adapted fof use 
as liquid fuel, and is very largely employed for that purpose. r 

In We it Virginia, a heavy description of'petroleum, extensively employed 
as a lubricant, has long been obtained, but during recent years lighter oils, 
yielding kerosene, have also been found. „ 


Fig. 72. 



Kentucky and Tennessee have for some time past-been included among 
the petroleum-yielding States, though the quantity hitherto obtained has 
ibeen small; and in Colorado tSfere is now a production which exhibits 
promising growth. Indiana, Illinois, Kansas, and Texas have also com¬ 
menced to contribute to the total production. . 

Petroleum has been met with in many localities along the coast range of 
mountains in Southern Califorwia, but Ventura, Los Angeles, and Santa 
Barbara appear to lie the most productive counties. The oldest wells are 
situated in Pico Canon, San Fernando Mountain, about sis miles west of 
Newhall in Los Angeles County. The existence of oiljn this canon is said 
to have been lrnown to one Andreas Pico for some years prior to 1857, but 
no drilling appears to have been done there until 1869, when the Pico well 
was drilled. The active development of the field was commenced in 1871;, 
and the'area defined when the writer visited the canon in the autumn of 
1886 was about two miles by .a quarter of a mile. At this period there were 
sixteen wells, daily producing in the aggregate about 500 barrels of forty-' 
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two American gallons. None of the wells drilled since 1875 had become 
exhausted, the least productive of the wells yielding from five to seven 
barrels per May, while, one (a flowing well drilled four or five years pre¬ 
viously) was stated to furnish as much as forty barrels daily; with the excep¬ 
tion of this one, all the wells were pumped. The earlier attempts to obtain 
petroleum in thi#district had been made by driving tunnels into the moun¬ 
tain, and from one of thdse tunnels oil was flowing in small quantity at the 
time of the writer’s visit. The various deposits have been described with 
much npnuteness by professor Hanks, formerly mineralogist to the State of 
California, in his fourifc annual report (dated 1884) to the State Mining 
Bureau. t 

The Governoj of Wyoming stated in 1885, in his annual report to the 
Secretary of the Interior, that extensive oi(-basins were' situated in that 
territory east of the Wind River and north of the Battlosnake range of 
mountains, tho principal deposits being apparently located in Fort Washakie, 
Lander, Shoshone, Bearer- Creek, Big Horn, Rattlesnake, Seminole, and 
Laramie ranges. . 

Tho following statistical details relating to the petroleum industry in 
tho United States are from a Census bulletin prepared by Mr. Jos. D. 
Weeks, special agent in charge uj statistics relating *to petroleum and 
natural gas, under the supervi sion of Dr. David S. Way, special agent in 
charge of the Division of Mineb and Mining of the Census Office, and issued 
by the Department of the Interior, Washington, D.C., May 16, 1 891. 
The statistics show that petroleum was produced in eleven States in 1889— 
viz., Pennsylvania, New York, Ohio, west Virginia, Colorado, California, 
Indiana, Kentucky, Illinois, Khnsas, and Texas. The total production was 
34,820,306 barrels (of 42 American gallons) varied at $26,554,052. Of the 
total production, 109,891 barrels were disposed of for lubricating purposes 
(only natural lubricating oils, however, being included under this head), 
12,330,813 for fuel and 22,379,602 for illuminating purposes. Nearly the 
entire amount produced in Califbrilia, Indiana, and Ohio was used for fuel, 
while nearly the entire amount produce# in Colorado, New York^ Penn¬ 
sylvania, and West Virginia was used for illuminating purposes. 


Production of Crude Petroleum in the United States im 1889, hy States. 


Pennsylvania and New York* 
Ohio . 

West Virginia 
Colorado 
California- * 

Indiana 
Kentucky 
Illinois 
Kansas 
Texas . . . 




Barrets of 42 American 
Gallon.. 

21,486.403 
12 , 471,965 
358,269 
# 316,476 

147.027 
32.758 
5 . 4 °° 
1,460 
500 
48 


34,820,30b 

• • • 

* In fliis statement the prediction o. Pennsylvania and that of New York: are united. The 
Bradford (Pennay]- Vua) and Allegheny (New York) fields are regarded as one in petroleum 
reports. Of the 21,48^,403 barrels producedfin Pennsylvania and New York in 1889, 7,158,362 
bairels were produced ip these two districts.. The Bradford district lies partly in Pennsylvania 
and partly in New York The cm. .chon and shipment of its product by pipe lines are so con¬ 
ducted th%t it is almost impossible to determini the respective quantities produced in the two 
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Production of Crude Petroleum for 1889, Classified according to Uses. 


States or Districts.^ 


In Birrels of 42 American gallons 

1 a 

t 

Illuminating. 

Lubricating.* 

Fuel. 

Total. 

Pennsylvania and New York 

21,393,160 

93 , 2 t 3 

Jt 

21,486403 

Ohio. 

317,037 

1740 * 

12,153,188 

12471,965 

West Virginia 

345.36') 

12,900 


* 358,269 

Colorado .... 

316.476 

— 

— 

316456 

California , 

2,160 

— 

144.867 

,147,027 

Indiana .... 

— 

‘ * - ' 

* 32,758 

32,758 

Kentucky . 

5400 

— 

— 

5,400 

Illinois .... 

— 

' 1,460 

— 

"1460 

Kansas , 

— 

500 

J. 

500 

Texas .... 

, — 

48 ^ 

— 

' 48 

1 

22,379,602 

109,891 

12 , 330,813 

34,820,306 

__i__ 


• Value of Petroleum produced in 1889.—The following table shows the value 
of the different kinds of petroleum produced in the Oemut year, by the 
several States, and the total value of the petroleum produced in the United 
States: ‘ . , , 

Value of the Crude Petroleum produced , according to Uses. 


States or Districts. 

» 

For 

Illuminating. 

For 

Lubricating. 

For Fuel. 

Total Value. 

Pennsylvania and New York 

23,225460 

267,989 

_ 

23,493449 

Ohio. 

340,683 

’10,558 

1,822,978 

2,174,219 

West Virginia 

344,868 

34775 

— 

379,643 

Colorado .... 

278,240 



278,240 

California .... 

7,600 

— 

186,462 

194,062 

1 ndiana .... 


— 

21,293 

21,293 

Kentucky .... 

5,400 

— 


5400 

Illinois. 


* 4,906 

— 

4,906 

Kansas .... 

* — 

2,500 

— 

2,500 

Tcxjv. 

— 

340 

— 

340 

Total 

$24,202,251c 

$321,068 

$2,030,733 

$26,554,052 


Production by States. —In the following table is given the total production 
of crude petroleum jn the .United States in 1889, by States and Districts. 


Production of Crude Petroleum in 1889, by States and Districts. 


. States and Districts. 

Pennsylvania and New York: • 

Bradford District, Penpsylvania, an<\. Allegheny County, 
New York 
Forest County 
Warren County . 

Butler and Clarion Counties, &e. 

Tidioute and Titusville 
Allegheny County 
Beaver County . 

Washington County 
Greene County . 

Franklin District 
Smith’s Ferry District 


Barrel b of 42 American 
* Gallons. 

7.158.363 

258955 

2,347.434 

•3,358,403 

§85,119 

541,092 

602736 

,9,848.145 

392.912 
64,244 
29,000 


Ohio: 

Lima. 1 12,153,188 

Macksburg. .,.317,037 

Mecca apd Belden . . . 1,740 


21486,403 


* Only natural lubricating oils included under this head. 


12.471,965' 






















107 


PETB'OLEUM Hr THE UNITED STATES. 


States and District*. 

* . * Brought forward 

West Virginia : * • 

Southwest. 

Volcano. 

Burning Springs • . . 


Barrels of ao American 
Gallon*. 

• • 33.95A368 


284,269 

71,500 

2,500 


Colorado .• 
California . 

Indiana ■ • 

Kentucky . 

Illinois 

Kansas • . . . 

Texas . . i 


358,269 

316,476 

147,027 

32,758 

5,400 

1,460 

500 


48 


Total 


34,820,306 


In the table oh p. 10S will be found consolidated the statistics of the 
production of petroleum in the various States of the United States from the 
beginning of operations in these fields, so far as the same could be ascer- 
ta ined. 


The stocks of crude petroleum on December 3r, 1888 Aid 1889, were as 
follows; 


States. 

Barrels of 42 American Gallon*. 

# Dee. 31,1888. 

Dec. ft, 1889. 

Pennsylvania and Neft York 

18,996,814 

11,562,594 

Ohio. 

10,1^1,842 

14,4*5.997 

Coloftido .... 

13,002 

36,034 

Kansas .... 

240 

150 

Illinois .... 

110 

100 

Texas .... 

• • 

6 

48 


Exports of Oil .—The following table sfiows the number of American 
gallons of petroleum and petroleum products exported in the years 1888, 
1889,and 1890- * 



18B8. 

1889. 

1890. 

Crude . 

Naphtha 

Illuminating 
Lubricating . 

Residuum . 

% 

77,387,796 

13,466,234 

451,964,143 

24,280,826' 

1,861,104 

• 

83.991,196 

1 3.958,680 
548,395,731 
27754,239 
1,838,694 

95,365,765 

12,406,586 

.547,542,569 

• 31,886,146 
1,828,900 

Total . 

. 

568,96^ IClJ 

675,938,540 

689,029,966 

Value . 

• • 

847,649,345 

*52,793,241 

851,656,677 


The drilling of a gas well at b'redonia.Chatauqqfi County, N.Y., in 182 r, 
has already been mentioned. * In 1858, another well was drilled in this 
locality, which, applied 200 burner^ and in 1871 a still larger well was 
drilled to a depth of 1200 feet. Mr. E. J. Orissey, secretary of the Eredonia 
Natural Gas Light Tlompan,,, states that the average monthly yield of these 
wells in*i88o ^aa 110,000 cubic fedt. For many yetlrs past systematic 
^drilling for gas has taken place, and immense quantities have been employed 
as fuel—notably in Pittsburg (see Chemical Technology, vol. i., “ Fuel," 
p. 2&&et aeq.). The natural gas companies haye, however, found jt impossible 
to obtain adequate supplies, and many manufacturers have had to revert 
to the use of other fuel. * . 
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Upon the annexation of Baku by Russia, in 1801* the monopoly of 
the production of netroleum was granted by the Government to a refiner 
named Meerzoeff. This nnjmgement lasted until 1872, when the monopoly 
was abolished and an excise duty upon all petroleum raised was imposed. 
Accoriiing to the late Mr. Marvin, from 1821 to 1825, Meerzoeff paid the 
Govemme'nt 131,000 roubles revenue, and afterwards, up to 1839, from 
76,000 to 97,000 roubles a £ear,*or, at the rate of the silver rouble then 
prevailing (ranging between six and seven roubles to the pound sterling), on 
an average about J[ 10,000 to £ 12,000 sterling. During this period the 
production of crude petroleum rose steadily to more than a million gallons. 
The output from 1832 to 1849 (when there were about 140 pit-wells in 
operation), Tjas as follows: * 



Poods.* 

• 

Poods. 


Poodti. 

1832 

. 261,000 

1858 

340,554 

1844 

328,280 

>833 

. *500,000* 

1S39 

358,357 

1845 

327,167 

1834 

. 346,109 

lS40 

337,oio 

1846 

332,854 

1835 

• 35 2 i72o 

1841 

326,695 

1847 # 

316,850 

.830 

. 352,862 

1842 

# 329,578 

* 1848 

288,112 

(837 

344.147 

1S43 

327,802 

1S49 

255,476 


Between i8soand 1863, potroleum yielded a revenue of 1,195,000 roubjps. 
From the latter year to 1867 the average revenue yearly was 162,000 roubles; 
and afterwards, until the abolition of the* monopoly and substitution of an 
excise duty in 1872, 136,000 rouhjes. The production in the meantime was 
as follows: 

Po<*is. Poods. Poods. 

1X63 . 340,000 1S67 . 998,905 1870 . 1,704,465 

iX(i 4 . 538,966 1S08 . 735.764 1871 . 1,375.523 

1865 . 554,291 1869 . 1,685,229 1872 . 1,537,600 

1X66 . 601,820 , , 

In 1872, tho number of pit-wolls had been, increased to 415, and two wells 
had been drilled. • 

After the abolition of the monopoly, Meerzoeff for a time maintained his 
supremacy in the trade, but, in 1873, flhe Khalify Company struck a flowing 
well, and thus obtained the largest supply of the crude material; and a year 
later the Transcaspian Trading Company took the lead in the business. In 
1S75, tbe late Mr. Ludwig Nobel and his brother Stobert«inaugurated a new 
era in the Russian petroleum business, by the introduction of improved 
appliances for producing, transporting, and refining the oil. 

During the excise,duty period, the output of crude petroleum was as 
follows; 

Poods. )• • Poods. * Poods. 

1873 . 3,968,000 | 1875 • * 5,8*8,000 1877 . i2,ouo,ooo 

1874 . 4,836,000 \ 1876 . fa,028,000 

At tho end of this period, the number of drilled wells had been increased 
to 130. • 

In 1877, the excise duty was removed, Aid from that time the production 
of crude petroleum*has, according to the official statistics, been as follows: 

Eood.. • Poods. Poods. 

1878 . I5,ooo,<*» 1883 . .60,000,000 1887 . 165,000,000 

1879 . 21,000,000 I004 . 90,000,000 1888 . 192,600,000 

1880 *. 25,<*10,000 1885 . 116,000,000 1889* . 205,500,000 

1881 . 40,000,000 1886 . ^50,000,000 1890 . 239,000,000+ 

* 1882 . 50,000,000 
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When the writer visited Baku in the tutumn of 1884, there were about 400 
drilled wells in the district, of which only about too were, however, yielding 
oil. At the* end of the year 1889 there were 261 producing wells. 

The Balakhany and Saboontchi oil-fields (see Mop* Fig. 73), whioh are 
classed together, have an area of about four square miles, and lie at an 
elevation of 175 ^eet above sea-level, about eight miles north-east of the 
town of §aku. A number of wells have also been successfully drilled in 
the*neighbouring districts of Romany and Binagudi; and in the Bibi- 
Eibat field, two or three miles sbuth of Baku, some of the most productive 
wells have been drilled.* Petroleum also occurs at Surakhany, about eleven 
miles nprth-east of Baku. The positions of these districts are shown on the 
map of the Apsheron peninsula, Fig. 73. In many localities between Baku 
and BatBum, petroleum is met with, and in Ahe Northern Caucasus there 
has been a steadily growftig production for several years past.* To the 
southward of Baku petroleum gas rises through thl sea, and in Holy Island, 
off the north-eastern coast of the peninsula, oil-springs occur. Petroleum is 
also found on the Transcaspian mainland, ns well as on the island of TclTe- 
leken. * 

• The Kouban oil-fields, 47 miles in a direct line inland jtom the port of 
Ncyorossisk on the Black Sea, have* been knowm for many years, and the 
crude petroleum had long been used by the Cossacks as cart-grease before 
Ccffonel Novosiltsoff, who had been granted the monopoly of the Kouban 
petroleum industry, commenced drilling for oil at Illsky. During the years 
1873 to 1875 nine wells were completed in this district, but the yield of 
petroleum was comparatively sm.all, and Colonel Novosiltsoff shortly after¬ 
wards found himself in financial difficulties. In 1879, a lease of the greater 
part of the property was granted to Dr. Twiddle., whose rights were subse¬ 
quently acquired by the. Standard Russe Petroleum Company of Marseilles, 
Dp to 1886, 69 wells had been drilled at Illsky, all but one of which are 
stated to have yields- , nil; and wlieq Colonel C. E. Stewart visited the field 
in the autumn of that year, fifteen of tl^ese were producing. North of 
Illsky lies the petroleum field of Koudako, where Colonel Novosiltsoff con¬ 
ducted some experimental drilling in 1866. This property is now owned by 
General Dourassoff. Ten wells haveiieen drilled here, and four are said to 
yield oil. One of the first wells completed is stated to hfcve spouted with 
violence, and to have thrown up a very large quantity of oil for a short time. 

A large number of wells have been drilled # in the neighbourhood of 
Eerlch, but seem to have produced but little oil. , 

• • 

IV. Historical .Account of the Development of tHe Petroleum 

* ^ Industry iq Canada. 

The development oi the on territory of Canada dates from 1857, 
when a well dug for water was found to yield a quantity of petroleum, but 
it is stated in HenVy’s “Early and Later History of Petroleum” that from 
the time of the earliest settlements in the county of Lamberton, in the 
western part of the province of Ontario :* “ A dark*oily substance had been 
■observed floating the surface of the water in the creeks and slvamps. No 
matter bow deep the wells were dug,*the water was brackish and ill-smell¬ 
ing, and in some localities totally unfit for use; while a surface of black 
oily slime frequently arose, an inch thick, as cream rises on milk. Here and 
there in the fortsts the ground consisted of a gummy, odoriferous, tar- 
coloured mud, of the consistence of putty. These places were known by 
the nape of gum-beds, and in two or three instances were of considerable 
extent.” 

* la tlft Gocria district, north of Batoum there *are promising indications of petroleum whioh 

Are attrHrt.fino- ottr.ni.Var. ' • 
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In 1862, flowing wells of remarkably productive character were struck 
at Oil Springs, but the wells, which were of comparatively little depth, 
quickly became exhausted, and in 1865 the discovery of oil 'at Petrolia, 
seven miles to the'northward, and about sixteen miles south-east of the 
outlet of Lake Huron, caused the Oil Springs territory to be deserted. A 
few years later, however, the wells at Oil Springs, were drilled deeper, and 
at the end of the year 1886 were producing io,odb to 12,000 baiyelB (of 42 
American gallons) per month. Petroleum has also been found at Bothwell, 
thirty-five miles from Oil Springs, and after* this district ceased to-yield, a 
new territory was discovered at Euphomia, seventeefi miles from Bothwell. 
Here, at the time of the writer’s visit to Optario in the autumn of i88£, there 
were four wells, producing collectively 70 barrels per day. The producing 
oil-belt may thus be said to lujve extended from Petrolia, in a north 1 westerly 
direction to the township of Sarnia, and in a south-easterly direction to Oil 
' Springs, but in the latter 

t'ni. 74. direction Iho oxt'ension was 

apparently not continu¬ 
ous. The geographical posi¬ 
tion of the territory will be 
seen on reference to Jthe 
Map (Fig. 74). In all, about 
15,000 wells were estimated 
to have been drilled in the 
Canadian oil-fields up to the 
time of the writer’s visit, 
and of these about 2500 
were producing, the average 
yield being about three- 
quarters of a barrel per well 
per day. The aggregate 
production is about 700,000 
barrels per annum, the 
greater part of which is 
obtained from the Petrolia 
district. 

V. 'The Galician Petroleum Industry. 

‘ " The discovery of petroleum near Kolomea, in what is now the Sloboda- 
Rungurska oil-field, was made, as has been stated, in 1771, when a well 
drilled for brine was found to ‘yield petroleum in small quantity. Tiys 
historic well was deopened in 1859 and 1865 by digging, and in 1875 and 
1884 by drilling; the yield being t ( hus finally increased to ten barrels a 
day. In 1881, the active development of the district commenced, and 
in 1883 the field was reported to be yielding 550 barrels of crude oil per 
day within an area 150b metres in length, and 350 to 500 metres in 
breadth. The Sloboda'Rungurslfa field wgs for a time the most pro¬ 
ductive of the Galician oil territories, the production aLone period having 
increased to oyer 1600 barrels per dry, but when the "writer visited the 
field in the autqmn of 1887 the yield, had decreased t(> about 800 barrels 
per day, notwithstanding that considerable activity was still displayed in 
the drilling of new wells. Previously to the decline in the production of 
the Sloboda-Rungurska field, attentioh had been directed to the development 
of the deposits in central and western portions of the belt of petroliferous 
territory, and many highly productive oil-fields have thus been established. 
Hot far fro® the western end lies the Bobrka district, where the petroleum * 
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industry of Galicia may be said to have* had its birth, for it was from this 
locality tkat m the crude petroleum was obtained which was successfully 
refined by Lucasiewicz*ito or prior to the year 1854. On the Bobrka field, a 
stone obelisk has been erected by Messrs. Klobassa and Tszecieske, the 
owners of the property, bearing an inscription of which the following is a 
translation :—“ To commemorate the founding of the petroleum mine in 
Bobrka in$he year 1854 f>y Ignacy Lukasiewicz. 4th Nov ember, 1872.” 
The area within which the principal petroleum deposits of Galicia are believed 
to lie has-<i length of about 220 miles, and u breadth of from 40 to 60 miles, 
the “belt" running in a geherul south-easterly and north-westerly direc¬ 
tion, as shown in the Map (Fig. 75). 
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In the following table the quantities of crude petroleum produced in and 
imported into the kingdom of Austria-Hungary during the years 1883-90 
are given. The figures are from official sources^ but the production is 
believod to be largely understated. • • 


Year. 

Production of 
Auutria»Hungury. 

I ir ported iuto 
Austria-Hftngary. 

Consumption. 

1883 

1884 
isss 

1886 

JS87 

1S88 

1889 

1890 

Harro!*. • 
166,500 

233,000 

.333-000 

433,000 

532,000 

665,000 

746,000 ^ 

. Vii6,ooo 

Tinrrds. 

*5.060 
’ #> 9-735 

937,345 

858,976 

388, rto 

8oi,Ji5 

930,191 

867,831 

Barrel*. 

901,560 

1.132,735 

1,270,345 

1,291,976 

920,110 
• 1,466,715 

1,676,191 

1,683,831 


The principal seat*of the ozokerite Mining industry is at*Boryslaw, but 
the material has also been mined to a small extent at Dwinlhez and Starunia, 
which lie to the south of Stanislaw. TJie industry has existed for the past 
thirty years, and the annual production of ozokerite in Austria-Hungary 
during the past fourteen years according to pflicial records haq been as 
follows, but it is well known that the actual output has been greatly in 
excess of the figures given:— 
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Year. 

Metre-Centner* 
of 100 kUo*. 

Y*ir. 

Metre-Centner* 
of too kilo*, e 

1S77 

» 89,610 

1884 

119,669 

1878 

103,420 

188? 

130,258 

1879 

90,666 

1886 

H 9 .ZS 4 

1880 

105,270 

1887 • 

80,500 

I88t 

106,491 

1888 ' 

87,800 . 

1882 

99,300 

1889 

75,600 

1883 

06,299 

i#9o 

61,699 

_ C — 


VI. General Geographical Aecount of Petroleunr, and Detailed 
References to Petroleum Deposits of Minor Importface. 

Professor Peckham*tstates that petroleum, in a solid, liquid or gaseous 
form, occurs:— > ' ' 

• “ On the American continent along a line extending from Point Gasp 4 , 
in Canada, to Nashville, Tennessee, and in Europe-Afla along a line extend¬ 
ing from Hanover, on the North Sea, through Galicia, the Caucasus and the 
Punjab. These 1 are the principal lines. In America it also occurs on the 
Pacific coast, from the Bay of San Francisco to San Diego; again, from 
Northern Nebraska to the mouth of the Sabine River, on the Gulf of 
Mexico; again, from Havana, near the western end of Cuba, through San 
Domingo, and the circle of the Windward and Leeward Islands, to Trinidad; 
thence westward on the mainland’to the Magdalena River, and southward 
from that point to Cape Blanko, in Peru. In Europe-Asia, bitumen occurs 
on the lower Rhine, and in the valley of the Rhone; from Northern Italy, 
following the Apennines, to Southern Sicily; along the eastern shores of the 
Adriatic, through Dalmatia and Albania, into Epirus; again, along the 
depression in which lie the Jordan and the Dead Sea; again, along the 
mountains that border the valley of the Tigris in the east; again, from 
Western China, through Burmah, Pegu, Assam, Sumatra and Java; and 
lastly, in Japan. It will be observed that these lines are, for the most part, 
intimately connected with the principal mountain chains of the world." 

Of the European deposits of petroleum, by far the most important are 
those in Russia, of which a detailed description has already been given in 
the historical account of the Russian petroleum industry. Next in order of 
importance come fiie Galician deposits, which have also been described. The 
■. Roumanian petroleuin deposits, which are situated in North-east Wallaehia 
and in Southern Moldavia, have attracted less attention than the Galician 
deposits, but are nevertheless of considerable potential 'importance, though 
the production has not hitherto been large. Petroleum also occurs in tne 
Bukowina, Transylvania and Hungary, as well as in Dalmatia and Albania. 

In Germany, petroleum has been obtained commercially for some years 
past at Oelheim, and at Wietze-Steinforde, in the neighbourhood of Han¬ 
over. Latterly a considerable amount of drilling has been done in Elsass, 
where petroleum has Jong beer known to occur at Schwabweiler, Pechel- 
bronn and. Lobsan, and a productive oil 1 territory has been opened up. 
Petroleum is also met with along the Eastern Vosges, and on the shores of 
the Tegemsee. 

In Northern Italy there is a petroliferous territory extending from the 
south of Milan t6 the south of Bologna, and in the district which lies imme¬ 
diately south of Piacenza productive wells exist. The petroleum found at 
Miano has already been referred to in the general history of petroleum. In 
Southern Italy and in Sicily, the oil is also met with. 

* Census Report on the Production, Technology, and Uses of Petroleum. Washington, 1884. 
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In France, indications of petroleum occur near Clermont and Grenoble, 
as well as in the Bosses Pyrenees. 

In Spain, petroleunS.* has been found near Burgos, and is also stated to 
occur near Seville. 

Wells have boe%drilled in the island of Zante near the historic “pitch 
spring,” referred to in the general history of petroleum as having been men- 
• tioned by Slerodotns, but petroleum has not been obtained hitherto 
in this locality in sufficient quantity to render the enterprise profitable; 
the wells "'have, however, not been carried to an£ great depth, and the 
oil-bearing character of the* strSta has, therefore, probably not been suffi¬ 
ciently tasted. • 

, The occurrence t>f petroleum in a coal-mine in Derbyshire has already 
been referred to. The oil hgsalso been found in "the coal-measiires in Shrop¬ 
shire, Lancashire, Staffordshire, and elsewhere; in p shale mine at Brox¬ 
burn, Linlifjigowshire; in limestone, near Bristol; and in a peat bog at 
Down Holland, near Ormskirk. The indications of petroleum at Down. 
Holland were thus described by Messrs. Binney and Talbot in a paper read 
before the Manchester Geological Society in 1843 : 

•“ The whole of the moss is in cultivation, either under the plough or in 
grasi*, and lias been so for at least forty In- fifty yeart, and all, or the greater 
portion of it, lies at a lower level i.Lan the liigh-water mark of the sea at 
Kormby. On approaching the place where the peat containing the petroleuM 
occurs, from Down Holland, the authors soon became awarg of its presence 
by an empyreumatic smell, resembling thart yielded by Persian naphtha, and 
the water in the ditches was also eoated with a thin fi'tn of an oily irides¬ 
cent fluid that floated upon its surface. In walking over some oat stubble 
fields, and tbrusting*their heels through the black decomposed pout forming 
the soil, they felt a hard pitchy mass of three or four inches in thickness, 
which yields no smell unless it is burned. On exposure to the atmosphere 
for c time, the pitchy matter lost tl*s greater part of its inflammability, and 
was finally converted into black mould. This substance also occurred under 
tlie roots' of the grass in old sward fields, but it then yielded an otfciur 
similar to the petroleum that floated on the surface of the water, and per¬ 
vaded the moist peat.” • , 

In Asia, petroleum occurs in Asia Minor, in Persia, in Upper and Lower 
Burrnah (including the Aruban islands), in Assam, in the Punjab, and in 
Baluchistan, in Siam, in China and in Japan, as well as 4 n the islands of 
the Indian Archipelago. • , 

The oil-fields of Twingaung ftnd Berne, from which the so-cajled Bangoon 
oil was originally obtained, are situated in Upper Burmah abdut a mile and 
a half to the east of Yehangyoung on the river Irrawaddy. Prom a report 
by Dr. Fritz Noetling, Patodatologist, Geojogipal Survey of India,* it appears 
that the fields are of the respective are!* of ninety acres and thirty-five 
acres, and are about half a mile apart. In the Twingaung field, in April 
1888, there were 375 wells, of which 166 were wholly unproductive, and of 
the remainder only 120 produced more than 2b viss per day (1 vies = 3.67 lbs. 
avoirdupois). The maximum yield of a single well Was 500 visa per day, 
and the majority o£ the wells produced from 20 to 100 viss per day. 
The total daily production of this field was 12,000 viss. At the same date 
there were 151 wells in . the Borne afield, of which 79 were wholly 
unproductive and of the remainder oaly 50 produced»more than 20 
viss per diem. The*maxitnum production of a single well was not more than 
16^ viss, and the total daily production of the field was 3658 viss. All 
the wells jvere sunk by the primitive method of digging adopted, by the 

* * Report on the Oil Fields of Twingaung and Boise, with a Map and a Tlaa of Geological 
Sections. Bi&goon, June 1889. 
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Burmese. The maximum depth of the wells in the Twingaung field did not 
exceed 310 feet, and in the Berne field 270 feet, but the majority of the 
wells in both fields were still more shallow. In t&e oil-field of' Kodoung, 
which lies between Twingaung and Beme (see Sketch Maps of Oil Fields of 
India, No. IV., Plate), a considerable number of wells btjye been drilled with 
modern appliances, and some of these have yielded largriy. Petroleum also 
occurs in Upper Burmah, north of Pagan, on the opposite or rest bank of, 
the river Irrawaddy, about fifty miles alwje Yennngyoung (see Sketch Maps, 
No. III.), as well as in the Yaw country, west of Ppgan,and in tkiChindwin 
Valley, north of Pagan; also at Minbu, ab'out. eighteen miles below Yenang¬ 
young, on the west bank of the Irrawaddy. In Pegu, petroleum is found 
at Padaukpen, west of Thayetmyo, lower down'the rivei'; and at Yenatoung,, 
west of Myanoung, still further south. In the Arakan islands, jifetroleum is 
obtained in the Barajas, Ramri and Cheduba (see Sketch Maps, No. II.). 
In Assam, drilling for petroleum has also been successfully prosecuted to' 

• the eastward of Dibrugahr (see Sketch Maps,' No. V.). The oil has also 
been met with in the Punjab, near Eawal Pmdi (s$e Sketch Maps, No. I.), 
as well as further north, near the Khyber Pass; and in Baluchistan several 
very productive wells have been drilled at KhAtan, in the Mari hills. - 

In Java and Sumatra, the oil, Which issues from natural fissures or arti¬ 
ficial excavations, has long been an article of commerce among the natives, 
dud in both islands productive wells have recently been drilled.* Petroleum 
has also been found in the north of the island of L&buan, and is reported 
to exist in north Central Borneo; 

The petroleum wells in China are ir the province of Sse-tchouen, and 
are thus described by L’Abbe Hue: 

“ When a, salt well has been dug to a depth of 1000 feet, a bituminous 
oil is found in it that burns in water. Sometimes as many as four or five 
jars of 1000 pounds each are collected in a day. This oil is very foetid, 
but it is made use of to light the riieds in which are the wells and the 
cauldrons of salt. The mandarins, by order of the prince, sometimes buy 
thousands of jars of it, in order to calcine rocks under water that render 
navigation perilous.” 

Natural gqs is also largely used’in China for heating purposes. 

The petroleum deposits and petroleum industry of Japan have been 
described in detail by Mr. Lyman (Eeports on the Geological Survey of 
Japan). In 18)7, thAe were, according to Mr. Lyman, in the Echigo oil- 
, fields, 522 producing wells, yielding in the aggregate about 9500 barrels 
of crude oil per annum; and in the province of Shinano, 22 producing wells 
yielding 1900 barrels. , 

There axe several localities in Africa where surface indications of pptro- 
leum are met with. Attentiop w.as some time ago directed to the results 
of the explorations conducted by M. de Bay, at Gebel-el-Zeit, and at 
Jemseh, on the west coast of the Bed Sea, at the entrance of the Gulf of 
Suez, and it was regarded as not improbable that in these localities as well 
as in the neighbouring islant) of Jafatin, oil might be found in quantity. 

. The Egyptian Government engaged Dr. Tweddle to carry on the work of 1 
development, and wells were (Billed, but without satisfactory results. In 
Algeria, petroleum is found at Ain Zeft, in the province"of Oran. 

In the West Indies, petroleum has for a lengthened period been known 
to occur. The petroleum of Barbados was formerly imported under the 
name of Barbados tar, and the a^phaltum from the pitch lake of Trinidad 
has for many years been an important article of commerce. This deposit is 
about three miles in circumference, and is described as a mass of asphaltum 
firm enough to bear a team of horses, but still somewhat plastic. The 

t • la Sumatra, especially, the industry appears likely to assume great importance, 
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asphaltum is broken out with picks, anJ only a foot oritrwo of the surface is 
removed, the pitch below this becoming soft and plasne. The excavations 
made fill again in'a phort time with the fluid material from below, the 
new deposits hardening very soon into asphaltum. The visible supply is 
very large, the surface to a depth of one foot being estimated to contain 
116,678 tons of asphaltum. 

Petroleum and asphalt are likewise met with in Cuba. 

Ip the dominion of Canada, petroleum is obtained in considers ble quantity 
in Ontariq, as already mentioned* It is also found ft Ga^j>6, where drilling 
operations are now in iprogres*. Along tho Athabasca, Vermilion, and 
Mackenzie rivers there are important indications pointing to the conclusion 
that extensive deposits of petroleum exist in this district. The oil has also 
been met^with on Great Manitoulin Island; in .British Columbia, at Crow’s 
Nest Pass, in the Rocky Mountains; on the Tar Islands, Queen Charlotte’s 
Islands; as well as in Newfoundland, Nova Scotia, ttod New Brunswick. 

Petrolemn is produced; as already stated, in the United States in Penn¬ 
sylvania, New York, Ohio, West Virginia, Colorado, California, Indiana 
Kentucky, and, Tennessee, Illinois, Kansas and Texas. It also occurs in 
Alabama, Florida, Michigan, Missouri, Louisiana, Nebraska, Montana, ■ 
Wyoming, Dakota, and New Mexico. , 

In Mexico there are several ’ocalities where promising indications of 
petroleum occur, and in Venezuela, on the shores of Lake Maracaibo, 
considerable deposits are believed to exist. In Columbia, Ecuador, and tffi 
Argentine Republic, petroleum has been met with ; but theonly localities in 
South America where systematic drilling*has been carried on are in Peru. 
As long ago as 1876, a productive well was sunk ..ear Zorritos, by Mr. 
Prentice, and a refinery was subsequently erected but the outbreak of war 
caused the industry to be abandoned. At a later date the development of 
the Peruvian oil-fields was recommenced, and drilling operations are now 
being conducted by several companies. 

In New Zealand, petroleum is fouhd on the sea beach at Taranaki, New 
Plymouth, and a well has recently been drilled in this locality with a very 
promising result; it also occurs at Poverty Bay, on the east coast of North 
Island, and at Manutahi, Waipu. 


CHAPTER II. 

VII. Ghology of Petroleum. 

• 

Petroleum occurs in all geological formations, from the Silurian up to 
the Tertiary; it is, however, found chiefly*in the Silurian, Devonian, and 
Lower Carboniferous rocks (in the vest Am hemisphere), and in the Eocene 
and Miocene formations (in the eastern hemisphere). . 

In Pennsylvania and New York, petroleum is found saturating strata of 
sand-rock. When first wells were drilled em America nothing was known 
about these strata; but ultimately, in the valley of Oil Creek, the existence 
of three well-defiiM “oil-sands” was ascertained. These oil-sands mthe 
Oil Creek district are of considerable regularity as regards their thickness 
and the distance intervening between them, the first sand being forty feet 
thick, with.an interval of 105 feet between it and the second sand, winch 
is twenty-five feet thick; an interval.of 110 feet occurring between the 
second sand and the third, and the thickness of the latter being thirty^ ve 
feet. In some localities, however, the second san^ is split into two w^H-denned 
%ands, with from fifteen to thirty feet o£ slates or shales intervening, and 
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this has (riven rise ijb the definitior) of a fourth sand. In drilling on high 
Jround in the Oil Creek district, several upper rand-rocks were also per- 
Wted and these were termed “ mountain sands. In addttito to the 
three regular sandS, there was often found, about fifteen to twenty fee- 
above the regular third rand, a fine-grained muddy grey rand from twelve 
to twenty-five feet thick ; this was termed the stray theerd. 

The Venango oil-sand group is described by «Mr. Carll as a group, in 
the strictest sense of the term, having a well-defined top ^d bottomland 
consisting of a m^s of sandstone deposits irom 300 to 380 feet tijick, with 
layers of pebbles, and many local partings of slate and shale. These figur 
may, he states, be varied somewhat, b.ut it will be found that a thickness 
of 330 feet will, in nearly every case, embrace all the lands belonging to 
the Venango group, even the fourth, fifth, and sixth rands, as t e low 
members of the group in some localities have been called. The oil is 

principally obtained in the third sand. ._, 

P As the area of the oil-producing territory wus extended, it was found 
tliat the underlying geological formation varied considerably, the sand-rock 
disappearing, and its place being taken by shales al the same geological 

The several'groups pf oil-producing rocks are, as Mr. Carll remarks, 
locally well-defined under certain areas; but they have their geographies, 
as well as their geological limits, and as far as is at present known, the 
geographical limit of one group never overlaps that of another Hence it 
must not be presumed that each particular sandstone oritsoiwiU be found 
in every locality where its horizon can be pierced with the drill, or that a 
measured section of the rocks in one place can bo precisely duplicated in 
detail in another. Therefore, the most skilful oil-producer, the most expert 
geologist, cannot tell how many other oil horizons may exist at intermediate 
depths beneath the surface (that is, in the scale of the formation), but 
which have, as yet, escaped the oil-miner’s drill. . ,, 

'Local names are given to the prirfcijftil oil-bearing strata. Thus, m toe 
Washington field there are the Gordon sand, the Gantz rand, the 50-feet 

rand! and the Manifold sand. .... , , .. 

In Western Pennsylvania toe djp of toe oil-beanng strata is pretty 
regularly at the rate of from 20 to 30 feet to the mile from north-east to 

80 'ihe position of the wells with reference to toe anticlinal and synclinal ■ 
disposition of the strata's, by some producers, carefully studied. 

. . In Western Pennsylvania, toe sand-rock vanes m character from a 
coarse-grained-uncemented sandstone to a pebble conglomerate, composed 
of coarse pebbles of white, or fclightly coloured, opaque-quartz, overlaid by 

marls and slates, often highly silicated, formingvery hard and impervifius 
crusts This pebble conglomerate cbnsists of two varieties, occupying . sepa¬ 
rate horizons, in one of which the‘pebbles are nearly spherical, “d m toe 
other flattened. Between these beds of sandstone or. conglomerate that 
contain the oil are beds of shgde, with which are thin beds of sand and 
“ shells.” These shells are described by Professor Lesley as hard crusts of 

Whl profrasor Peckham t remarks that petroleum is fcltlnd in the principal 
oil-producing territories in the United States aud Canada, raturating porous 
strata, and overlying superficial gravels. It occurs-to Canada and West 
Virginia beneath the crowns of antlclinals; whilst in Penjisylvama it occurs 
satiating the porous portion of formations that lie far beneath the influence 
of superficial erosion, like sand-bars in a flowifig stream or detritus oil a 

• • Pennsylvania Geological Survey Reports, a 

t United States Oenmis Report, 1884. 
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beach. These formation* or deposits, taien as whole members of the geolo¬ 
gical series, lie coAffi'-mtably with the enclosing rocks, and slope gently 
towards thfe south-west. The Bradford field, in particular, says Professor 
Peck ham, resembles a sheet of coarse-grained sandstonh, 100 square miles 
in extent, and from 20 to 80 feet deep, lying with its south-western edge 
deepest, and submerged i» salt water, and its north-eastern edge highest, 
and filled with gas under an extremely high pressure. 

Mr. Ashburner’s classification of the petroleum deposits of the oil regions 
of Pennsylvania and New York hhs already been giyen (s^ p. 102), and his 
description of certain of the cil-sands in the districts enumerated may here be 
added, ^n the. Allegany and Bradford districts, the oil-sand consists of a 
grey, black, dark-b*owu or chocolate-brown sand, of about the coarseness of 
the ordinary beach-sand of the New Jersey coast.* In the Warren district, it 
presents somewhat the general appearance of tho Bradford and Allegany 
sand, but is frequently coarser-grained, and sometime! contains small pebbles 
not known fo have been fflund in the sands of the two other districts. The 
Venango oil-sands generally consist of a white, grey, or yellow pebble rook? 
The pebbles ar»water-Vorn, are sometimes as large as hazel-nuts, are loosely 
cemented together, and are generally bedded in line sand. m 

The oil-bearing sandstones in the Washington field may be thus de¬ 
scribed : 

Gordon sand—small black, guy, and white particles in equal propojj 
tions. Gantz sand-similar to Gordon sand, with the exception that the 
grains are larger. Fifty-feet sand—of a jjale brown colour.* Manifold sand 
—small red and grey particles in equal proportions. Stray sand—for the 
most part of a greyish colour, but with a fow reddish particles intermixed. 

The Trenton limestone is an important sou.ee of petroleum in Ohio; it 
is also oil-bearing in Indiana. I n Kentucky and Tennessee, petroleum is 
found in the Ohio shales (Upper Devonian); whilst in Colorado it occurs, 
according to Professor Newberry, in the Middle Cretaceous beds, the 
Colorado shales. Professor Aughey states * that the Wyoming petroleum 
deposits originate in the Mesozoic formatiofi, and probably in the Triassic 
section of it. 

In California, petroleum, according to Professor Hanks,t undoubtedly 
occurs in the Tertiary formation. At Pico Canon, he observes, the sand- 
rocks are stratified with much regularity, and are interstratified with plates 
or seams of gypsum (selenite); a black shale and^a eosjrse conglomerate 
also occur here. Professor Peekham states that he observed the petroleum 
in Ventura county to be prima ilv held in strata of shale. Nowhere in this 
locality did he find the enoAnonsly thick sandstone, with yhicli the shale 
was interstratified, saturated with the oil. 

Dr. Hunt asserts l tliak in Western Canada the oil-springs are upon the 
outcrop of the corniferous limestone, or of*t>hn overlying Hamilton shales, 
and are along the line of a broad and lot? anticlinal, which runs nearly east 
and west through the district. The corniferous limestone in Enniskillen, he 
adds, is overlaid by about 200 feet 01 marls apd soft shales, abounding in the 
characteristic fossils of the Hamilton formation. iTo this succeed from 
40 to 60 feet of quaternary cjpy - ; :id sands of fresh-water origin, through 
which the scanty*; "ft oral oil-springs ri|e. On sinking wells, there is gene¬ 
rally found reposing immediately upop the shales a layer coarse gravel 
holding large quantities of pet ■ am, which is the oil of tjie so-called surface 
wells, and lias accumulated beneath the clays. It is darker and thicker than 
that obtained directly from the rock --below, on boring which fissures or 

1 * Repur* on the V. y ung Oil Springs, by Samuel Augbey, Ph.0., Omaha, Nebraska, 1883. 

• f Fourth Annual Report of tbo Californian State Mineralogist, Sacramento,*1884, 

X American Journal ofcScienoe, 1863. 
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seams are met with,'from which petroleum issues in abundance, and often 
with great force. ! J'hese oil-beariDg veins are met with at depths varying 
from 40 to 100 feet in the rock. In the Athabasca region," petroleum is 
found in the Devonian rocks; it has also saturated: the sandy beds of the 
cretaceous series. 

Professor Hitchcock enumerated in the “ Geological Magazine," in 1867, 
the following fourteen different formations from which petroleum has been 
obtained in North America (exclusive of the West Indies), and generally in 
commercial quantities; and Professor Peckham considers that developments 
since 1867 have added little, if anything, to the enumeration. 

(a) Pliocene (since determined to be Miocene) of California. 

(i b ) Cretaceous in Colorado and Utah, near lignite beds. 

(c) Trias of North Carolina and Connecticut. » 

(d) Near the top of the Carboniferous rocks in West Virginia. 

(e) Shallow wells'near Wheeling, West Virginia, and Athens, Ohio, 

not far from the Pittsburgh coal. 

, (/) 425 feet lower, near the Pomeroy coal-beds. 

(g) At the base of the Coal-measures, in conglomerate or mill-stone 
grit. 

(A) Small Wells in the Archimedes limestone (Lower Carboniferous) of 
Kentucky. 

(i) Chemung and Portage groups—certainly three different levels—• 

" in western Pennsylvania and northern Ohio. 

(j) Black slate of Ohio, Kentucky, and Tennessee, or the representa¬ 

tives of the New York formation from the Genesee to the 
Marcellus slates. This is near the middle of the Devonian. 


(A) Corniferous limestone and the overlying Hamilton group in 
Canada West, extending to Michigan. 

( l) Lower Heldeberg limestone at Gaspe, Canada East. This is 

Upper Silurian. 

(m) Niagara limestone near Chicago.' 

(») In the equivalents of the Lorraine and Utica slate and Trenton 
limestone of the Lower Silurian, in Kentucky and Tennessee. 

Vasilieff* states that the oil-bearing strata of the Apsheron Peninsula 
belong to the Lower Miocene series of the Tertiary epoch. The upper 
beds, consisting of fossiliferous limestone, have disappeared in the oil-region, 
the rocks of which are covered by deposits of alluvial origin. The oil-bearing 
beds extend in a north-east and south-west direction, and the dip, as well 
.. as it can be made out at present, ranges between twenty and forty degrees. 
The beds are composed of sand, calcareous clays, marls, and in places com¬ 
pact sandstone, often of great thickness, frequently penetrated by bands of 
pyrites. The calcareous clays are easily bored through. The oil-sands are 
in a semi-fluid condition when-brought to the surface. A characteristic 
of these groups of oil-bearing rocks is the total absence of organic remains 
down to the maximum depth yet reached, while the, upper beds of the 
series abound in shells of the Arai-Caspian order. The number of oil¬ 
bearing strata is unknown; three have up to the present been defined. 

In the Jllski district, two oil-sands are met with: one at a depth of 
about 200 feet, and the other, which is the more productive, at from 600 to 
1200 feet below the surface. 

In the Baku oil-fields, the dip is stated to range frdm 20° to 40“, the oil 
deposits, as in Pbnnsylvania, extending in a north-east andasouth-west 
direction. Vasilieff says that practice has justified the principle advocated 


* Gorny Jornal (Russian Mining Journal], 1885. Translated and abstracted by William 
Anderson, M.I.C.E., and published- in. be Minutes of the Proceedings of tbo Institution of 
Civil Engineers, London, 1883. , 
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by Professor Romanoffsky that wells slould not be drilled near the outcrop 
of the oil-bearing strata, nor at anticlinal bends, but Ihould strike the beds 
at not less than 400 feet below the outcrop. 

In the oil-fields of Galicia, the general succession of the strata, according 
to Mr. William Topley, F.R.S., is as follows, petroleum occurring in the 
divisions marked *:— 

• 

*Salt, marl beds (Ozokerite).Miocene 

Slagura and Kliwa sandstones J Oligocene of some authors) T , 

*Menilite beds. . # . *Upper *. . 7 • Eocene 

Carpathian sandstone series . j ( ' • Cretaceous 

, (‘Lower (Kopianka) beds . . (Seocomian 

< 

The “ oihhelt” extends in a general north-west*and south-east direction. 

In Italy, petroleum is fnet with in the Tertiary formation. The strata 
are argillaceous, more or less marly, of a grey colour, with calcareous sand 
of a green'sh colour, and - sand containing mica in minute grains. Beneath 
the strata are hard masses of marl and sand. • 

In Francetind Spain, the oil occurs in Cretaceous and Tertiary beds. In 
a. paper read at tho 1891 meeting of the British Association, Mr. Topley 
staged that in north-west Germany petroleum 'gas found in the Keuper 
beds, and more or less in other strata, up to and including the Gault; in 
thp Rhone Valley and Savoy, m the Jurassic formation ; in the Pyrenees 
and Spain, in the Neocomian and Cretaceous; in Blsass, in the Oligocene ; 
in Bavaria, in the Lower Tertiary (Flysch); in Italy, hi the Eocene; in 
Galicia and north-east Hungary, in the Neocomian to the Miocene; and in 
Poland, Roumania, and the Caucacus, in the Miocene. 

In Mexico, and in the West Indies, the oil is found in the Tertiary 
formation. In Algeria, it occurs in the Lower Tertiary beds ; in Egypt, in 
the Miocene formation, and in New Zealand in the Cretaceous and Tertiary 
strata. 

In Burmah, petroleum occurs m the rocks of the Middle or Lower Tertiary 
epoch. I11 his report on the oil-fields of*Twingaung and Beme, already 
referred to, Dr. Noetling expresses the belief that the petroliferous strata, 
of the Yenangyoung district are oij no later age than Miocene. They 
consist, he states, of laminated and clayey sands, sometimes a little indu¬ 
rated, so as to form soft sandstones. Some of the beds are highly calcareous, 
concretionary masses of sandy limestone abounding. Nodular concretions 
of a very hard quartzitie limestone are also found. The sandstone varies 
in colour from white or very,.ale yellow up to dark red and blue. The clays 
and sand-clays have a bluisn-grey tint. Mr. R. A Townqpnd t appears to 
of opinion that’the oil-bearing rocks of the KhdLan field in Baluchistan, 
are Eocene. . • 

In Assam, petroleum is found in th<* coal-bearing beds of the Middle 
Tertiary. * 

The occurrence of petroleum in coal-mines in England has already been 
referred to. As much as thirlv-live tonsj was collected at the Southgate 
Colliery, near Chesterfield, in 1890. Itws also found, in small quantities, 
in the Derbyshire lead-mine^, which are worked in the carboniferous lime¬ 
stone. Aceordi.*£ to Mr. Topley, petroleum obtained from the sandstone 
beds in the coal-measures of Shropshire, was sold yeaqg ago under the 
name of Betton’s British Oii Mr. D. N. Steuart, chemist to the Broxburn 
Oil Company, in a paper (Jour. Soc. Chem. Industry, Feb. 20, 1887) 
descriptive of a petroleum spring mets with in one of the company’s shale- 
pits, states that the oif is found in a level, below the Broxburn and 


Beport on the Petroleum Exploration at Kl,titan. 
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Dunnet seams of shale, which had lieen driven off the main shaft, through 
a series of stratified Aeks consisting of calcareous bands and poor shale. 

In the paper already referred to, Mr. Topley summarises the “geological 
condition under which petroleum and natural gas occur as follows: 

1. They occur in rocks of all geological ages, from Silurian upwards. 

The most productive areas are, Palaeozoic in North Amerida, Miocene in the 
Caucasus. • 

2. There is no relation to true volcanic action. , 

3. Tho most productive areas for oil in great quantity are where the 

strata are comparatively undisturbed. Oil, but in less abundance, fre¬ 
quently occurs when the strata are highly disturbed and contorted; but gas 
is rarely so found. u 

4. 'Tlie main requisites for a productive oil- or gas-field are n porous 
resorvoir (sandstone or limestone) and an impervious cover. 

5. Both in comparatively undisturbed and in highly disturbed areas, 
an anticlinal structure often favours the accumulation of oil and gas in the 
domes of the arches. 

6. Brine is an almost universal accompaniment of dll and gas. 

In Ohio and Indiana, where the oil occurs in the Trenton limestone, the 
productive areas lire mainly over antirlinals, gas occurring on the summit, 
and oil on the slopes. The Trenton limestone is highly fossiliferous, and the 
petroleum found in it is probably indigenous; but in the case of the sand¬ 
stones, the source of the oil is probably the underlying fossiliferous shales. 
Tho Trenton limestone is only petroliferous where it has been dolomitised ; 
hut wheu thus transformed into a'cavernous and porous rock it is capable, 
like the sandstone, of containing from one-tenth to one-eighth of its bulk 
of oil. The escape of the petroleum from these natural reservoirs is pre¬ 
vented by tlie impervious cover of shale. 

Petroloum and natural gas are often found confined under great 
pressure,* the cause of which is clearly explained in the following extract 
from an article by Professor W. J. McGee', published in the “ Forum ” for 
July 1889, and reproduced by' Mr. Topley in a paper on the (Sources of 
Petroleum and Natural Gas, read at the Society of Arts, April 1891: 

“ The cause of this enormous pressure is readily seen in Indiana. The 
Cincinnati arch (in which the gas of tlie great Indiana field is accumulated) 
is substantially a dome, about fifty miles across, rising in the centre of a 
stratigraphic basin fully 500 miles in average diameter. Throughout this 
immense basin, the waterif falling on the surface are in part absorbed into the 
■*. rocks, and conveyed towards its ceutre, where a strong artesian flow of 
water would prevail were the difference in altitude greater ; and the light 
hydrocarbons floating upon thesdrface of this ground water are driven inijo 
the dome, 1 and thei;e subjected to hydrostatic pressure equal to the weight 
of a column of water whose height is the difference in altitude between the 
water surface within the dome and the land surface of the catchment area 
about the rim of the enclosing basin. Accordingly, tho_ static pressure is 
independent of the absolute altitude of the gas-rock and of its depth beneath 
the surface, except in sp far as tbfso are involved in the relative altitudes of 
the gas-rock find a catchment area, perhaps scores or even hundreds of miles 
distant. Gas pressure and oil pressure may, therefore, bd'estimated in any 
given case as-readily and reliably as artesian water pressure; but whilst the 
water pressure ^s measured approximately by the difference in altitude 
between the catchment area and‘well-head, that of gas is (measured 
approximately by the difference in altitude between catchment area and gas- 
rock, and that of oil is measured by the same difference, minus the weight 

* Iu Indiana 300 to 350 lba. per square incli; in the Findlay field, 450 to 500 lbs.; and in the , 
Pennsylvania field from 500 to 900 lbs. 
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of a column of oil equal to the depth of? the well. It follows that the static 
pressure of gas (as indicated at the surface) is always greater than that of 
oil, particularly in depp wells. It follows also that the pressure, whether of 
gas or oil, is not only constant throughout each field, but diminishes but 
slightly, if at all, on the tapping of the reservoir, until the supply is 
exhausted; and hence that pressure is no indication of either abundance or 
permanence of supply.” • 


VIII. Origin of Petroleum. • 

* * 

Petroleum is usually considered to have been formed by the slow 
decomposition of* vegetable or animal matter, either in the rocks in 
which it«i» found, or in underlying strata. Berthelot, however, in 1866* 
propounded the theory that petroleum resulted from the action of car¬ 
bonic acid and steam on the alkali metals; and in the following year 
MendeleefF, in ah essay read before the Chemical Society of St. Peters¬ 
burg, f gave in detail his reasons for believing petroleum to be the 
product of th* aetiod of water on metallic carbides, at a high temperature 
and under great pressure. Accepting La Place’shypothesjp in regard to the 
formation of the earth, it is natural U> conclude that metals, and especially 
iron, would be among the bodies first condenseS, and would thus enter 
lajgoly into the composition ot the centre of the earth. As the crust be¬ 
came crumpled and cracked under the influence of the continued cooling and 
contraction of tho core, crevices woul<) be formed, through which water, 
now condensing on the surface, would find its way to the still highly heated 
compounds of carbon and iron or other metal. Decomposition of the water 
would ensue, witli the production of hydrocaihors and metallic oxides. The 
former products would pass away to higher strat: , where they would become 
condensed into the liquid form. This theory appears to have received such 
support as has been a ;corded to it mainly, though not wholly, on the ground 
ol the supposed difficulty of accepting tho principal alternative hypothesis 
in the absence of a carbon residue (such as, would have resulted from the 
decomposition of vegetable and animal remains), and of evidence !f the 
action of heat upon the oil-hearing rogks. Professor Peckham has, however, 
clearly pointed out J that in the case of the petroleums ef California and 
Texas, for instance, the strata from which they issue contain vast accumu¬ 
lations of animal remains; that petroleum is not asserte^l to he the product 
of high temperatures and violent volcanic action" but of slow and gentle 
changes at low temperature duo to metamorphic actfon upon strata buried 
at immense depths ; and lastly, that, as regards the petroleujn of New York, 
Pennsylvania, Ohio ami West Virginia (to’which PlendeleefFs theory pro¬ 
bably had special reference) there is evidence that the oil is a distillate, and 
that the carbonised remains of organisms ilnt 1 evidences of heat action must 
be sought at a depth far below tho untftlered rocks in which the petroleum 
is now store 1. There is an additional argument which has been advanced 
in support of MendeUeff’s hypothesis—namely, that the supply of organic 
matter is inadequate. In respect to tbkp however, Professor Peckham 
points to the vast extent of Jlio Devonian shales, and the immense quantity 
of fucoidal remai.’* which this deposit contains, as an ample source, and he 
adds that if the Devonian black shales,are inadequate, we may descend still 
lower in the geological series , the Nashville limestone and other Silurian 
rocks. * . ’ 

, It seems unquestionable that the oerivation of the very varied descrip- 

* “ Ann. Chim. Pbys.,” Doc. 1866. 
t L’Ongine dll Petrols : kt Hevue SoionttAquo," Nov. 3, 1877. • 

t CenBUB Repgl't, 1884. 
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tions of petroleum met with has riot been uniform, and this is a strong 
argument in favour bf the theory that petroleum has been formed from 
animal and vegetable remains. Professor Peckham remarks that if petroleum 
be the product of what he terms “ a purely chemical process,” we should not 
expect to find palaeozoic petroleums of a character corresponding with the 
simple animal and vegetable organisms that flourished at»that period, and 
Tertiary petroleums containing nitrogen, unstable and corresponding with 
the decomposition products of more highly organised beings, but We should 
expect to find a genera] uniformity in the character of the substance, 
wherever found, all over the earth. . , * 

It has been already stated that the Tertiary petroleums are probably 
indigenous to the rocks in which they are found, and that the older petro¬ 
leums have evidently been removed to the rocks wherein they are found by 
a process of distillation. Professor Peckham arranges tbe various kinds of 
bitumen from the solid to the gaseous, in the four following classes: 

i. Those that form asphaltum and do not contain paraffin. 

• 2. Those that do not form asphaltum and contain paraffin. 

3. Those that form asphaltum and contain paraffin.' 1 , 

4. Solid bitumens that were originally solid when cold or at ordinary 
temperatures. 

To the first class belong the petroleums of California and Texas, which 
are doubtless indigenous in the shales from which they issue. The animal 
remains in the oil-bearing strata, the presence of a considerable amount of 
nitrogen in the oils, and the fact that the fresh oils soon become filled with 
the larvte of insects to such an extent that pools of petroleum soon become 
pools of maggots, point to the conclusion that these petroleums are of 
animal origin. 

The second class includes the petroleums of New York, Pennsylvania, 
Ohio, and West Virginia. There seems to be ample ground for regarding 
these oils as of vegetable origin, and as products of distillation. 

The third class of petroleum appears, in the opinion of Professor Peckham, 
to have been produced by the mingling of the two preceding classes of oils 
through the invasion of rocks containing indigenous petroleum by steam 
under high pressure. 

The solid bitumens of the fourth class are regarded by Professor Peckham 
as in all cases manifestly the result of the action of heat on the organic 
matter in stratified rocks. 

As regards the naturb of the metamorphic action by which petroleum 
- has been formed, Professor Peckham remarks of North-Eastern America, 
that it is sufficient for our purpose to know that from the Upper Silurian 
to the close of" the Carboniferous periods, the currents of the primeval 
ocean were transporting sediments from north-east to south-west, sorting 
them into gravel, sand and clay, forming gravel bars and great sand beds 
beneath the riffles and clay banks, itt still water, burying vast accumulations 
of seaweed and sea animals far beneath the surface. The alteration, due to 
the combined action of Jbeat, steam, and pressure that resulted in the forma¬ 
tion of the Appalachian system, from Point Gaspb, in Canada, to Look-out 
Mountain in, Tennessee, involving the Carboniferous and earlier strata, dis¬ 
torting and folding them, and converting the coal into anthracite, and tbe 
clays into crystalline schists along their eastern border, could not have ceased 
to act westward along an arbitrary line, but must have gradually died farther 
and farther from the surface. The great beds of slate and ljjnestopp, contain¬ 
ing fucoids, animal remains, and evemindigenous petroleum, must have been 
invaded by this heat action to a greater or less degree, and thus, in accord¬ 
ance with fre theory of Professor Lesley, a chronic evaporation or distilla¬ 
tion of the whole mass of oil in the crust of the earth (within reasonable ■ 
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reach of the surface) has been going on, converting the animal and plant 
remains in^o oils, the,light oils into heavy oils, the heavy oils into asphalte 
and albertite; the process being accompanied by the lijieration of gas. 


IX. Physical Characters of Petroleum. 

• 

PetrcJenm, in the widest sense of the term, occurs in al! forms from the 
gaseous to the solid. In its liquid form it varies greatly in physical proper¬ 
ties, some descriptions.btTyig yearly colourless an# very*mobile, while others 
are black and viscid. Samples from any one producing territory, and even 
from \he same .level of oil-bearihg rock in that territory, are sometimes 
quite (jp .similar in character. Thus, Dr. Kramer instances the case of two 
wells in the Oelheim district, near Hanover, of the same depth, and within 
two metres of each other, one of which yields an oil of sp. gr. 0.880, and 
the othei.an oil of sp. yjr. 0.905. The extreme limits of variation in the 
specific gravity of samples of crude petroleum examined by the writer are 
0.771 and iq-oo. • 

, The writer has had occasion during the past twenty-five years to examine 
a large number of samples of crude petroleum from different parts of the 
world, and some of the results thus obtained are given in the subjoined 
tables. 

America. • 


Locality. 

Specific* 

Gravity, 

• 

• 

Locality. 


Specific 

Gravity. 

California— 




Pico Cation district, i 5 . 


0.854 

Pico Canon district, I 


0.827 


„ 10 . 


0.837 


2 


0.835 


., 17 ■ 


0.846 


3 


0.831 

>* 

„ 18 . 


0.853 

n tt 

4 


0.838 


19 • 


0.842 


5 


a>S3f 

»♦ 

„ 20 . 


0.837 


6 


0.828 


„ 21 . 


O.84I 


7 


O.844 


„ 22 . 


0.850 


8 


0.839 

» 

23 . 


• O.842 


9 


0.836 


„ 24 . 


0.844 

*1 t» 

IO 


0.847 


,, 25 • 


0.840 


II 


0.827 


„ *26. 


0.846 


12 


0.832 


„ 27 • 


0.843 


13 


0.828 


. ... 28. 


O.865 


14 


0.859 

>» 

• „ 29 ■ 


0.927 


The colour ofsthe whole of these samples was brown. 


-• 

Locality. 


Specific Ggavity. 

Flaahinjj Poiat 
(Abel Test,). 

Colour. 

Kansas . 

. . 

t 

O.927 

F. 

224° 

Black 

Canada (Petrolia) * 

. . 

0.858 

— 

Dark brown 

„ (Gaspc<), r . 


O.881 

180 0 

Brown 



0.856 j 

6 C 

I* 



0-853 

5? 

Dark brown 


. " . 

0.877 


• 

if 



0.569 

280° 

Black 

»* t» 6 . 


o.9V 

210“ 

Brown 

*» u 7 • 


0.948 

— 

1 „ 

*» • »» • 8. 


0.872 

104° • 

„ 



0.894 

46° 

„ 

n „ IO . 


o.8j i 

„ 

». II • 

• 


0.844 

60* 

i» 


- ■ v , 

• Thesp.gr.of the ornde petroleum from the Petrolia field usually ranges from 0.859 to 0.877, 
while the product from the OQ Springs field hai a sp. gr. ranging from 0.844 t0 o 854. 
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X . , (i _ * 

Specific 

Fla«htnjf Point 



Gravity. 

(Abel Teit).^ 


6 


F. 


Pern, i. 

0.859 

38" 

— 

„ 2. 

0.940 

248 

4 ~~ 

,.3 . 

Ecuador, 1 ... ■ 

0.920 

o -953 

J 22 °‘ 

Deep brojvnish-red 

„ 2 . 

0.928 

— 

»» > 

Mexico, 1 

0.874 

0.882 

- "1°. 

126 , 

Brownish-red 


0.942 

' 2 S> 4 ° 

Black 

0.946 

262° 

— 

Argentine Republic 

°-935 

— 

Black 


Locality. ' 

Specific Gravity. 

• Colour. , 

Bradford, i ... ■ 

0.810 

Eieddhh-brown 

„ 2 

0.819 

V 1 

Parker (Clarion) 

0.797 

it 

„ (Kansai Oil} ) 

0.789 

If 

Thorn Creek . , . 

' 0.802 

Dark amber 


0.802 

Maokaburg 

0.829 

O.839 

Reddish-brown 

Brownish-black 

Washington, 1 . . . • ' 

0.790 

Yellow 

1 „ 2'-. .. ■ 

0.777 

,> 


0.798 

Amber 


0.798 

0.800 

Yellow 

\ ” 5: ... 1 

Amber 


0.804 

„ 

„ 7 . 

0.792 

Yellow 

8 . 

0.819 

Amber 


0.775 

Yellow 

10... 

'0.820 

Amber 

O.801 

„ 


0.816 

Brown 

, 13 . 

0.814 

n 


O.828 


1 ;; 4: : . . 

O.792 

Dark brown 

j „ 16 ... 

0.788 

Yellow 

„ 17 ... 

0.771 

„ 

j „ is. 

0.801 

Amber 

„ 19 ... 

0.799 

»* 


0.780 

Dark brown 

„ 21 ... 

0.777 

Yellow 

„ ..* 

0.771 

>1 j 

! .. 23 ... 

0.786 

If 

24 ... ■ 

- 0772 

»» 

25 ... - 1 

0.772 

Amber 

„ 26 ... 

■■ 0.797 

„ 27 . 

9.792 

»» 

„ 28 ... . 

0.814 


„ 29 . •. 

30 ... . 

Wyoming, I 

0.808 

0.820 

Dark brown 

O.912 

Very dark brown 

„ 2 ... . 

O.912 

* f ii - 

„ . 3 • 

1 O.912 

>1 


0.910 



O.944 

Brownish-black 

6 / . 

0.911 

Very dark brown 

» 7 • • • • 

California (Pico Canon) . 

1 „ 0.945 

Brownish-black 

0.844 

, Dark brown 

„ (Puente) . 

! 0.880 

Black , 


• Viscosity at 70°, 73.11 (Bape oil at 6o° F. = ioo), cold test, o° F. 
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PHYSICAL CHARACTERS OP PETROLEUM. 

• I 

Russia, t 


• . 

Locality. 

, • 

Specific 

Gravity. 

Flashing Point. # 
(Abel Test). 

Colour. 

Balakhani, i . 

. 

0.879 

F. 

Dark brown 

„ 2 . 

. , ». 

0.873 

93* 

»» 

Surakhani* . 


0.780 


Pale ; ellow 

Tiffts . 


0.976 

320“ 

Almost black 

Ulski, I i 


0.853 

_ _ • 

•Dark brown 

„ 2 . 


• 0.942 

— 

Brownish-black 

Koudako, 1 . 


0.860 

— 

Very d»rk brown 



0.936 

— 

Brownish-black 

Kertch (C imen) . 


0.887 

• 

— 


Tho Bp. gr. of the petroleum yielded by the flowing wells in |ho Baku district during the 
year 1889 ranged from 0.854 tu 0 8 99, the oils of lowest density not being in all cases obtained 
from the deepigd wells. • • 


jQurmah, Assam, and Rat achistan. 





V .1 

Viscosity by 


© | “‘ i 


Redwood’s 

4 Locality. 

If 

•Betting 

Point. 


Vigeometcr 
(Rape oil at 

6 o° F, = ioo) 





• 


• 


at 90° F. 



F. 

.F. 


Upper Burmah (Yenangyoung) Twinza’s wells,•! 

0.S87 

82° 

no 

10.21 


1 Re- 



»* »» jj i» ^ 

0.937 

) mains 
' fluid 

150° 

25.86 

• 


l at o° 



„ „ „ Drilled well 

0.869 

8o° 

62° 

— 

, ,, 

0.870 

78° 

80" 

— 

„ (l‘a;,an district), 1 . * 

0.875 

82° 

« 3 ° 

10.07 

0.837 

6o° 

— 

5.91 

n / ” if 2 . . . 

„ (Minbu). 

Pegu (west of Tbayetmyo) i 

<*832 

7 o° 

70" 

5-54 

0.999 

35 ° 

294 0 

703.1)6 

0.854 

72“ 

80" 

6.38 

ti t , „ 2 ...» . 

0.859 

76° 

110 ° 

7.81 

II !' II 3 • • • • 

Arakan I. (Itamri) mud volcano, i . 

0.S70 

So" 

k 6 ° 

8.78 

0.818 

— 

— 

— 

„ „ native pits 2 . 

0.866 

— 

— 

— 

i» ii 11 3 • * • 

0.890 

| Below]* 

125“ 

10.21 


’ 0.834 

do. 

45 ” 

_ 

„ „ *5 • • 

0.825 

20° 

62" 

— 

Baranga I. (Eastern) # . 

t >.835 

- 


— 

* „ (Western) ..... 

0.888 

— 

— 

— 

Assam, .. # . 

0-933 

— 

— 

— 

„ 2 . 

: 0.940 

— 

212° 

14.2 

„ 3, from drilled well, Digboy . *. 

0.85s 

— 

43° 

— 

Baluchistan (Khatan)* from drilled well. 

1.000 

— 

280° 

— 


CaUcia. * • 


••• 

• 

Specific Gravity. 

Lowest. 

• Highest. 

Eastern mid o t belt, Sloboda-Rungurska *. 
Intermediate portion of belt, Ustrzyki di$- 
. triot 

Western end of belt, Wietzno distriot 

—--a. - ... .... . .... .-. 

0.830 

0.835 

0.846 

0.868 

0.844 

0.859 


• A viscid oil ol bUclc colour. 
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PHYSICAL CHARACTERS OF PETROLEUM. 

I ' 


Fifteen,Wells in the District of Sloboda-Rungurska. 


No. 

Depth in Metres. 

Specific Gravity. 

No. 

Depth in Metres. 

, Sptoific Gravity, 

1 

213 

0.842 

9 

202 

0.863 

Z 

194 

0.868 

10 

280 

0.837 

3 

189 

0.835 

II 

• 3°5 ' 

0.839 

4 

164 

0.850 

12 

♦ 280 

0.837 

5 

225 

0.838 

13 

282 

* 0.864 

6 

275 

0.845 

14 

250 

0.830 

7 

282 • 

0.844 

1 i 

311 

. 0.839 

8 

274 

0.833 





Five Wells in the Ustrzyki District. « 


No. 

Depth in Metres. 

Specifto Gravity. 

No. 

popth in Metres. 

Specific Gravity. 

I 

183 

0-835 

4 

23 2 , 

0.836 

2 

173 

O .844 

5 

1 229 

• 0.841 

3 

>83 

0.841 





Miscellaneous. 


Locality. 


j Rou mania, i 

.» 2 

tt 3 

»> 4 

5 

„ 6 

>, 7 

„ 8 

» 9 

„ io 
[ Hungary 
Germany (Oelheim) 

•„ (Wietze-Steinforde), i 

»» i» »> 2 

II II It 3 

„ (Horst,), i 

»» »t 2 

England (Derbyshire) 

Spain . . . ' 

Italy (Montechino) , 

,, (Miano), i 
„ » 1 

| Zante, I 
„ 2 - 
Algeria, i 


Red Sea * 

| Java . 
Trinidad, I . 


Barbados 

New Zealand (Vaxanaki), i 

», >* 2 

ii -.3 

Persia, i ... 

„ 2 


Specific 

Gravity. 


0.859 
0.845 
• O.860 

O.861 

O.839 

0.890 

O.896 

0.882 

O.846 

O.899 

O.907 45 

O.913 

O.951 

o-943 

0,941 

0.910 

0.872 

0.857 

0.921 

0.787 

0.867 

0.832 

1.020 

1.005 

*0.921 

0.924 

0.981 

0.945 

0.881 

0.980 

0.961 

0.952 

o -945 

A.957 

0971 

,0-843 

0.828 

0.777 

I.Ol6 


Flashing Point 
(Abel Test). 

Colonr. • 

F. ! 

123 0 

Dark brown 

Below 20 0 


75" 

»> 

72° 


87" 


80" 


85° • 


57 " 


— 


_ 


188° 

Reddish-brown 

— 

Brownish-black 

200° 

— 

150“ 

__ 



98“ 

Very dark brown 

84° 

— 

Black 

— 

Brownish-black 

13° 

Straw 

36° 

Brownish-red 

' 21 ° 


— 

Black 

— 

V 

II 

.60- 

Dark brown 

— 

' , 

218“ 


‘ 44 ° 

Black 

— 

— 

330 ° 

„ 

I90 0 

” 

240 0 " 

Park brown 

236“ 

Brownish-black 

70° 

Reddish-brown 


“Brown* 

— 

Straw 

' — 

— 


• M. A.'Pappel, Chief Chemist In the Khedivial Laboratory, Cairo, has furnished the writer 
with particulars of two samples of crude petroleum from the Red Sea coast examined by hiid. 
The specific gravities of these samples were 0.908 and 0.933. 
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The odour of the great majority of these samples was not unpleasant, 
but the Lima (Ohio) and Petrolia (Canada) oils, as well as the heavy oil 
(sample N< 5 . *) from Pefsia, had an offensive smell, due,to the presence of 
sulphur compounds, and the Wyoming oils had also a somewhat disagreeable 
odour. 

The eo-effieient’qf expansion of petroleum varies with its specific gravity, 
as is shown.by the following table: 


Specific Gravity at 15 0 C. 

Under 0.700 ' 

0.700 to o.• 
0.750 to 0.800 
o.jioo to 0.815 
Over 0.815 


Expaaalon 00-efllclent for i° C. 
otooo9o • 
0.000S5 
0.00080 
0.00070 
, 0.00065 


The rate of expansion litis also been found to vary according to the tem¬ 
perature. 

In commercial practiciS, it is customary to add to or subtract from the 
recorded sp. gr. 0.0004 f° r every 1" F. above or below 60° F., and this is found 
trt afford a sufficiently tdose approximation to the truth for business purposes 
in ,fhe case of most of the various descriptions of kerosene. , 

Tables for calculating the alterations in volume.of crude petroleum with 
accur acy are in use in America. These tables were constructed on Gay- 
Lussac’s formula, 

* 1 +kt _ P-p 

1 + a t . 1 ‘ * 


Whore P — weight of the liquid before heating : 

p — weight of the fluid after heating, and after the apparent expan¬ 
sion has been removed; 
t - change of temperature; 

Jl = co-efficient of expansion of the glass; 
ci = co-effioient of expansion*of "the fluid. 

The solid form of petroleum is represented by ozokerite, by asphaltum, 
by elaterite (the Ro-called mineral india-rubber of Derbyshire), and, perliaps, 
by the “ coorongite ” of South Australia. By some, however, coorongite is 
believed to be a vegetable hydrocarbon of recent formation.. 

Ozokerite varies from a very soft material to a black substance as hard as 
gypsum. The density of ozokerite ranges from .850 to .950, and its melting 
point from 58° to ioo° C. (i36°-212° F.) It is soluble fh benzene, oil of turpen¬ 
tine, and petroleum. It is a good insulator, and has Men recommended for 
use as such, in admixture with 50 per cent, of india-rubber. Drdinary com¬ 
mercial Galician oa)kerite has the followifig properties: *t is soft and 
plastic, and has a very fibrous fracture. .The colour varies from light yellow 
to dark brown, and it frequently has a greenwh hue, owing to dichroism. It 
becomes negatively electrical by friction, 2nd exhales an aromatic odour. It 
becomes more plastic on heating, and usually melts at about 62° 0 . (i44°F.). 

The crude ozocerite found in the island of Tcheleken, on the Trans¬ 
caspian coast, is described as a bro-vnish-bln^k sticky spbstance. 

Asphaltum is a black or „very dark brown substance, usually hard and 
brittle, and in tlig* Vendition exhibiting a resinous fracture. 


X. Chemistry of ^Petroleum. 

o Crude petroleum in thq liquid form "consists principally of carbon and 
hydrogen^ usually in the proportion of about 85 per cent, of the former 
\o 15 per cent, of the latter; but there are ^sometimes present in small 
quantities oxygen, nitrogen, and sulnhur. • 
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Heichenbach examined paraffin in 1830, and rock oil four years later. 
Early attempts to determine the composition of petroleum were also made 
by Laurent. In 1,857, De la Hue and Muller described the products they 
had obtained from .Rangoon petroleum. In 1863, Schorlemmer isolated 
some of the constituents of Pennsylvanian petroleum, and about the same 
time Pelonze and Cahours succeeded in separating from this oil twelve dis¬ 
tinct hydrocarbons, which were found to be hom'ologues of marsh gas (CH 4 ), 
and of which the general formula was C n H, n+J . Of the more volatile 
hydrocarbons, namely,' those boiling between 0° and 130° 0.- (32° and 
266° F.), there have been shown to be, in Pennsylvanian petroleum, at least 
two series present; those of the first series, which have the higher boiling 
points, being normal, whilst those of the second agree, for the most part, 
in boiling point, with the corresponding synthetically prepared iso-paraffins. 
There are grounds for believing that a third series occurs in the fraction 
referred to. 

From crude Pennsylvanian petroleum, as it issues from the earth, 
methane, ethane, and propane are given off, so that from this description of 
petroleum the following hydrocarbons have been separated. 

Methane ....... CH, 

Ethane . 0 ,H (i 

Propane.C,H, 


Name. 

Formula. 

Specific Gravity. 
Normal. 

Boiling Point. 

Normal. 

Iso. 

Butane . . 

C,H„ 

0.645 at o° C. 

o° C. 

— 

Pentane . . 

C S H„ 

0.645 at °° 0. 

38” c. 

30" 0. 

Hexane . . 

C.H„ 

0.63 at 17” C. 

69'c. 

61“ 0. 

Heptane. . 

C,H„ 

0.712 at 16 0 C. 

98” c. 

91° c. 

Octane . . 

C„H 1S 

0.726 

124° C. 

118° c. 



V 

Bolling Point. 

Nonane . . 

C.H., 

0-7t at 15“ C. 

136“ to 138“ 0. 

Decane . . 


0.757 at 15° C. 

160° to 162° C. 

Endecano . 

C„H, ( 

0.765 at i6 a C. 

180° to 184° C. 

Dodecane . 

c, 2 h... 

0.776 at 20° C. 

196° to 200° 0. 

Tridecane . 

0 „H. 

0.75)2 at 20° C. 

216° to 218° C. 

Tetradecane 

c„h m 

— 

236° to 240° C. 

Pentadecano 

C, s H k 

— 

255° to 260° C. 


Methane is a colourless, inodorous gas, burning with ayellow flame of little 
luminosity. Ethane is also a colourless, odourless gas. Propane liquefies 
at - 20° 0 . ( -4' F.). Normal butane condenses at 0° 0 . (32° F.) to a liquid. 

The less volatile portions of American crude petroleum, boiling a'xive 
260° C. (500° F,), contain paraffins'of still higher order, those containing 20 
carbon atoms, or more, being crystalline solids. Warren isolated from 
American petroleum the hydrocarbons, C, 0 H M to C,,!!,,, but these com¬ 
pounds, however, according to Markovnikoff, who terms them naphthenes, 
differ from the olefines. Schorlemmer found traces of hydrocarbons of the 
benzene series in American petroleum. From the least volatile portion of 
American crude petroleum, a peculiar solid crystalline hydrocarbon was 
separated by Morton in 1873. To this hydrocarbon, which in its reactions 
resembled anthracene, the name of thallene was given. Morton subse¬ 
quently found that the spectrum of thallene differed from that of anthra¬ 
cene. The least volatile products of distillation were afterwards examined 
by Prunier; and- more recently by Divers and Nakamura, who have isolated a 
compound of the formula (C,H S )„, boiling between 280° and 285° 0 . (536* 
and 545 f F. Besides thallene, anthracene, chrysene, pyrene, and fluorene 
are also present in small quantity in crude petroleum. 
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CHEMISTRY OP CAUCASIAN PETEOtECM. 

Oaucasian petroleum has been examined by Beilstjin and Kurbatow 
(“ Ber.” xiii, 1813 ; “ Jopn. Ohem. Soc.,” xl. 159); by Schiitzenberger and 
Jonine (“ Comfit. Bend, xd. 823; “ Journ. Chem. Soc,”*l. 705); by Mar- 
kovnikoff and Oglobin (“Journ. Chem. Soc.,” xlii. 390; xlvi. 1276), and 
by Le Bel (“Comply Bend.,” ciii. 1017). The researches of these chemists 
have shown that the -material is altogether different in composition from 
Pennsylvanian petroleum, and that it consists chiefly of hydrocarbons of the 
O n H„*series, isomeric both with the olefines, or true homologues of ethylene, 
and with the hexaliydridqg of the? benzene hydrocafbons, C n H„ _ a li 0 , ob¬ 
tained synthetically by Wrotten. These hydrocarbons, which aro the so- 
called naphthenes already referred to,'exhibit the closest resemblance to the 
paraffins, but are of higher density than their i^ologues, and boil at some¬ 
what lower"temperatures thap the isomeric olefines and the normal paraffins 
containing the .same number of carbon atoms, and at approximately the 
same temperatures as the synthetically prepared benzene compounds, as the 
following examples indicate. • 


.... — w -*- 

Specific Gravity at o° C. 

Boiling Point. 

(yj, ; (normal octane) 

C s H lt (octonaphthene) 

.. 

• 

C 12 H 2< ..... 

cnjj'uS , 

0.7714 

0.7655 

Spocifio Giavlty at 17 0 C. 
0.8027 

124 0 C. 

119 0 c. 

202° C. 

,196“ c. 


The naphthenes are attacked by chlorine, forming chlorinated deriva¬ 
tives ; but on oxidation are completely destroyed, without furnishing charac¬ 
teristic products. The following table contains a list o? the hydrocarbons of 
this group, which have been isolated from Caucasian petroleum. 



Boiling Point. t 

• 

Boiliug Point. 

C,H, t 

119° c. 

C,Jf M 

196° C.V 


136° C. 


240° c. • 

c,„h m 

161 0 C. 

C,,H„ 

247“ c. 

c„h k 

180° c. 


._J 


Caucasian petroleum also contains benzenes (pseudocumene, several iso- 
merides of cymene, and also of its next homologue)»and Other benzenoid 
hydrocarbons. Neutral and acid oxygenated compounds are also present, 
Markovnikoff having found in ^ fraction boiling between 220“'and 230' C. 
(428° and 446° F.) as much as 5.25 per cent, ot oxygen Solid hydrocarbons 
are fflund, as a rule, only in very small quantities in Caucasian petroleum. 

‘ Galician petroleum has been shown by Lachpwioz (“ Annalen der Chiraie,” 
ccxx. 188; “Journ. Soc. Chem. Ind.,” ii. *473) and by Pawlewski (“Ber.,” 
xviii. 1915) to contain a notable proportion of hydrocarbons of the aromatic 
(OaHp, _ „) series, theffatter chemist having found as much as 2 per cent, of 
these compounds (chiefly benzene and paraxylene). Aromatic hydrocarbons 
have also been found by C. Engler (“Journ. Soc. Ohe*m. Ind.,” i. 314) in 
Hanoverian petroleusj. 

From “ Bangoon tar,” presumably crflde petroleum from the Yenang- 
young district, Upper Burm&h, Warren a&d Storer obtained the paraffins 
C,H 1S to OJH^, the olefines from C,H„ te C n II, 8 , beside# xylene, cumene 
and naphthalene. , 

In some descriptions of Californian petroleum, as much as 1.1 per cent, 
of nitrogen,occurs, and the so-called Mecca oil found in Ohio is stated to 
contain 0.23 per cent, of this element. 

Sulphur is a not uncommon constituent'of certain petroleums, notajily 
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DIGGING OIL WBLLg IN JiPAN. ' 

of those which occur iu Canada and in Ohio. An oil fojind in the Kirghish 
Steppe is stated to contain 1.87 per cent, of sulphur, andDelachanal* found 
3.02 per cent.bf sulphur in the asphaltum of the Dead Sea. 

In 1875, Hell and Meidinger obtained, from Wallachian petroleum, an 
acid, forming alkali,salts resembling soft soap. The analysis of the acid, 
the ether, and the silver salt, agreed best with the formula O n H M O r These 
.chemists expressed the opinion that heavy Wallachian petroleum contains 
acids 4 n all probability belonging to the homologous series. 

The table, on p. 132, giving th# composition of natural ^hs, was published 
in the Report of the Committee on Natural Has of the Engineers’ Society of 
Western -Pennsylvania. 

The following results of analyses of natural, gas were obtained by Mr. 
Carnegie tit his works near Pittsburg. 


• 

• 1 | 2 

3 

_ M _ 

4 

5 

6 

Marsh gas % . - • 

Hydrogen 

E thy lie hydi ide . 
Qlefpmtgas . 

Oxygen 

Nitrogen 

Cafbonic acid 

Carbonic oxide 

Per cent. 

72.18 

20.12 

3-6 

0-7 

1.1 
nil 

0.8 

1.0 

Per cent. 

65.25 

26 16 

5-5 

0.8 

0.8 

iid 

0.6 

0.8 

Per cent 
60.70 
29.03 

7-Q2 

0.98 

O.78 

nil 

nil 

0.58 

Per cent. 

49-58 

35-92 

12.30 

,0.6 

0.8 

nil 

0.4 

0.4 

Per cent. 

57-85 

9.64 

•5.20 

0.8 

2.1 

23-41 

nil 

1.0 

_•__ 

Per oent. 

75.16 

14-45 

4.8 

0.6 

1.2 

2.89 

0.3 

0.6 


Ozokeri' e contains 85.7 per cent, of carbon, and 14.3 per cent, of hydrogen, 
and consists of a mixture of hydrocarbons in various proportions 


CHAPTER IU. 

XI. Primitive Methods of obtaining Crude Petroleum. 

The method adopted by the Seneca Indians in the collection of crude 
petroleum near Cuba, N.A., winch consisted in skimming it off the surface 
of water with boards, has already been described. Woolley cloths werealsc 
used to absorb tbe oil, and occasionally the pool ot oil-covered water was 
surrounded by a stone coping to increase its depth. 

Professor Peckham records the statement that pear Buying Springs 
We*b Virginia, petroleum was collected early in thi& century 4t by digging 
trenches along the margin yf the creek, down to a bed of gravel a few feel 
below the surface. By opening and loosening, with a spade or sharpenec 
stick, the gravel and sand, which is only about a foot thick, the oil rises t< 
the surface of „he w«ter with which the trench is partially filled. It is thei 
skim med off with a tin cup and put up in parrels for sale. In this waj 
from 50 to 100 barrels are collected in a seaswn.” • 

From the remotest periods, pit* and wells have been dog in vanoui 
countries for the* jut pose of obtaining*petroleum. The account given b^ 
Herodotus of the collection of petroleum, from such a well ^ear Susa ha 
already been noticed. # # • , 

The method adopted in the digging of wells in the oil-fields of Japan hp 
beqn described in detail by Mr. Lymanff It is stated that the work is 
carried ou by two men, one of whom digs in the morning, from nine o cloc] 
• • • 

* “Compt. Rend.," xcvii. p. 191. 
t Reports of the Geological Survey of Japan. 
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until noon, and tfye other from noon until three. The one who is not 
digging, works a blowing machine which delivers fpesh air at th,e bottom of 
the shaft. The blowing apparatus is a wooden box about six feet long, three 
feet wide, and two feet deep, with a cover of slightly less length and width 
turning upon a horizontal axis over a vertical partition, Vfbich divides the box 
transversely into two compartments. The workman continually walks from 
one end of the cover to the other, his weight causing the ends to>be depressed 
alternately. At his first step on each end he stamps his foot, and thus'closes 
with a jerk a valve (0.3 foot square) which &gain opqns by its own weight when 
the cover rises. The air is in this manner driven first from one end of the 
apparatus and then from the other into an air-pipe about 0.8 foot square, 
provided at the top with a valve for each end of the blower. The air-pipe is , 
constructed of wood, and is fixed in one corner pf the well, whicW'is square. 

I n the other corners axe strong timbers which are held in their places by lighter 
cross-pieces so arranged as to form a ladder for descending&nd as^nding. The 
earth or rock excavated is brought to the surface in rope nets attached 
to a rope passing over a wheel one foot in diameter, fixed under a roof 
covering the mouth of the well. The nets are drawn up by three men, two 
of whom stand- at the corner of the well on one side, while the third tdkes 
up his position in a trexch two or three feet deep, and eighteen inches wide, 
dug parallel to the side of the well. The digger has a rope fastened round 
his body under the arms for the purpose of raising him from the well in'the 
event of his being overpowered by the petroleum vapour. The wells are 
about three and a half feet in diameter, and are excavated in the manner 
described to the remarkable depth of from 600 to 900 feet. At this depth 
there is so little light that the work has usually to be suspended at three 
o’clock in the day. The oil is skimmed from the surface of the water which 
collects in the well, and is drawn up in buckets. Mr. Lyman is of opinion 
that it would not be practicable to introduce in Japan the system of drilling 
with steam power adopted in Amerioaand elsewhere, on account of the cost 
of the necessary machinery, the difficulty of transporting the machinery in 
a country almost wholly without waggon roads, the heavy expense of fuel 
in the locality, and the small yield of the wells. 

The cost of a well 900 feet in depth in the Echigo field in Japan, is 
stated to be oflly about ^200, which Mr. Lyman considers to be little more 
than a third of the expense of drilling to the same depth in England or 
America.* Moreover^. dug well can be entered for cleaning or repairing, 
and such a well admits of the comparatively large surface for oil to percolate 
through being considerably extended by driving horizontal galleries from 
the vertical shaft. There are, however, as Mr. Lyman points out, some 
improvements which might advantageously be introduced into the prdhent 
system. Thus, at present the yell’is lighted by means of a sheet of yellowish 
translucent oil paper fixed over the mouth at an angle of 43 degrees with 
the horizon across an opening in the roof of the grass hut covering the 
well, and Mr Lyman suggests that mirrors should* be used to reflect 
light down the shaft and into the horizontal galleries. These galleries are 
at present so dark that they efinnot be excavated to a greater length than 
about a dozen feet. A flame cannot be used in the wgU on account of the 
presence of inflammable gas, but tho incandescent electric light, if not too 
costly, might he employed, and the working hours thus extended. Abetter 
system of ventilation might also <be adopted; and the use of pumps for 
raising the water and oil, as well as of a water-tight casing, whioh might be 
made of timber, to prevent the influx of water, would also facilitate the 
collection of the petroleum. As an illustration of the cheapness of the 

• It may be added that a drilled and cased well of about tbie depth frequently costs in the 
Baku oil-lleld as muck as &noo, 
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present system, the following particulars, given by Mr, Lyman, on the 
authority of Mr. Kada, may be quoted: • 

* • * 


4 posts.. , 0.100 

1 board (6 ft. by I ft.).0.120 

12 cross-pieces, $0.96 to $0.216.o. 156 

Materials for one length (4 ft.) of timbering . . . 0.376 

Materials for hut: ^tSod, $1; rashes, $0 63. . . . 1.630 

1 pair bellows.3-750 

I length of air-pipe (6 ft.) ..0.140 

I Wheel (two needed for each well) . . * . *. 1.200 

I tank (6 ft. diametei, 6 ft. nigh).15.000 

I well bucket ...» . 500 

6 ft. straw rdpe.0.012 

i^roka (? 5000 ft.) small straw rope . * . . . 0.475 

1 pick (large one i6§ lbs., small one 6^ lbs.) . 1 

1 rake . 0.500 

3 rope nets.0.350 

I oin paper . . •.• . . 0.320 

I pot for boiling the labourers’ rice or water . . . 0.620 


In the locality where these prices prevailed in 1868, the wages of the 
diggers, not including food, were $0.18 per man per day, anS of the common 
labourers, $0.10. One shoo of rico beer (snk6) value f0.065 had, however, 
to be provided for every four men Tho number of workmen needed was 
according to the depth of the well, as follows : 


From 1 to 10 fathoms 

„ Jo „ 30 

„ 3° 4° » 

„ 4° „ 5° 


3 nion 

4 „ 



The depth of tlfe wells rarely exceeds 50 fathoms. 

In the oil-fields of Twingaung and Berne (Yenangyoung district, Upper 
Burmah), the excavated wells are from four to four and a half feet 
square. In tho former field theft is one well of the depth of 310 feet 
(the greatest depth of a Burmese dug wfll), and another of 305 feet; 
the majority of the finished producing wells are, however, not’more 
than 250 feet in depth, the difficulties of getting beyond this depth, on 
account of the presence of petroleum vapour, and of the “.caving ” of the 
sides, being very great. Dr. Noetling divides the producing welis in the 
Twingaung field into two classes—namely, scarcely prqductive and pro¬ 
ductive. The former class do not yield more than it) viss (1 viss -- 3.67 lbs. 
avoirdupois) per well per diem, on the average. The ’average yield of the 
productive wells is not less*than 80 to 90 viss per diem.. Some of the 
latter give from i»o to 300 viss per diem,* and the daily yield of one is 
stated to be 500 viss. Over the mouth of the well a cross-beam on uprights 
is fixed, and in the centre of this is a drum and axle fashioned out of a single 
piece of wood, and running in naturally%rown fork-shaped supports. Over 
the drum runt, a feather rope used to lower or raise the workmen or the 
earthenware pot (yenanoie) in which the oil is collected. If possible, the well 
is so situatod that the men or women who ire drawing up the pot filled with 
oil, or the digger, walk dowivtlie slope of the hill. In excavating the well 
the earth is looser,*® by means of a heavy wooden lever, four or five feet in 
length, three or four inches in diameter at one end, and Japering to the 
other end, where it is strongly shod with iron. The loosened earth and 
pieces of reck are brought to the surface in a basket. * As the work pro¬ 
ceeds the shaft is roughly timbered. The digger is lowered in a rope sling, 
and as no artificial light da be used in the welk owing to the presence of 
inflammable gas or vapour, his eyes are bandaged before his descept, so that 
’no time may be lost in his becoming accustomed to the comparative darkness 
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in which he has to work when the well has reached a considerable depth. 
The presence of petroleum vapour renders breathing difficult, and Dr. 
Noetling found that the maximum time during which a young 'and strong 
man was able to remain at work was 290 seconds. 

In Galicia and Boumania dug wells exist; in Moldavia there are stated 
to be some interesting wells of this description, more thaii 130 feet in depth, 
lined with woven sticks, ‘ 

The most perfectly constructed petroleum wells of the excavated class are 
those which exist*in Italy, at Montechino,,Piacenza. They are in some cases 
no less than 240 feet in depth, by from 8 'to 10 feet in diameter, and are 
described us being perfectly cylindrical, and lined with large bricks firmly 
cemented together. These wells are stated tp have yielded from 160 to 
180 lbs. of oil each per day for the past eighty years. The dejth of the ‘ 
wells appears to be limited only by the difficulty of working in an atmosphere 
highly charged with petroleum vapour, several of those employed in the work 
having lost their lives by suffocation. 

The quantity of oil obtainable from a dug well is in all cases comparatively 
small. Such a well does not usually tap the strata in which the petroleum 
occurs, and may,be regarded as simply affording facilities for the collection of 
such oil as is brought towards the surface through the action of water ^per¬ 
colating through the earth. 

* * 
XII. The Art of Artesian Well Drilling. 

•> 

The petroleum well proper is an artesian well, and, as has been stated, 
the development of the petroleum industry in the United States dates 
from the sinking of the first oil-well of this description. Artesian well 
drilling is doubtless an art of considerable antiquity in China, wells being 
successfully bored to great depths in that country with the simplest 
appliances, for the purpose of obtaining brine. L’Abbc Hue gives an 
account of the process adopted, which fi worth quoting:—“ If there be a 
depth of three or four feet of'soil on the surface, they plant in this a tube 
of hollow wood, surmounted with a stone, in which an orifice of the desired 
size of three or four inches has been gut. Upon this they bring to work in 
the tube a rammer of 300 or 400 lbs. weight, which is notched, and made 
a little concave above and convex below. A strong man, very lightly 
dressed, then motyits on a scaffolding, and dances all the morning on a kind 
of lever that raises this rammer about two feet, and then lets it fall by its own 
weight. From time‘to time a few pails of water are thrown into the hole to 
soften the rock and reduce it to pulp. The ra'mmer is suspended to a rattan 
cord, not thicker than your finger, but as strong as our ropes of catgut. This 
cord is fixed to the lever, and a triangular piece of wood is attached to it, by 
which another man, sitting near, jgives it a half turn, so as to make the 
rammer fall in another direction. "At noon this man mounts on the scaffold, 
and relieves his comrade till the evening, and at night th^se two are replaced 
by another pair of workmen. When they have bored three inches, they draw 
up the tube, with all the matter if is loaded with, by means of a great cylinder, 
which serves to roll the cord on. In this manner these little wells or tubes 
are made quite perpendicular [to a d^pth of from 1500 t&‘i8oo feet, French] 
and as polishec^as glass. When the, rock is good, the work advances at the 
rate of two feet in twenty-four hours, so that about three years are required 
to dig a well." * r 1 

Artesian well, drilling was first practised in Europe in the province of 
Artois, in France, where such a well exists in' the gardens of a former 
Dominican convent at Lillerc, which is stated to have flowed continuously 
since the year 1126. . k 
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In the United States, the first artesian well was drilled in 1806, with the 
object of obtaining brine, by the brothers Ruffner. The principal difficulty 
encountered £y these operators was that of preventing the dilution of the 
brine by the infiltration of surface water. In their firiffc attempt they em¬ 
ployed a straight well-formed hollow sycamore-tree, which they sunk in the 
mire and quicksaAd in the hope that they might succeed in bedding the 
lower end on the Solid reck. A hard crust was, however, met with at a 
depth of i* feet, through which it was found impossible to f orce the tree 
trunk, and as the surface wateij still gained access freely the attempt was 
abandoned. They tken*eoinme«ieed another well at a little distance, using a 
3|-inch tube, made by boring lengthwise through a 20-feet oak log, but, again 
failing, they returned to the first well, and finally succeeded in sinking the 
“ gum,” 4.1 the hollow tree was termed, through the crust mentioned, to a 
depth of 16 or 17 feet, when solid rock was reached. Much difficulty was 
then experienced in making a water-tight connection between the lower end 
of the “gftm” arid the*rock, but this was finally accomplished by using 
wooden wedges. The brothers then commenced drilling the rock with a long 
iron drill, suspended from a “spring-pole,” and provided with a 2 j-ineh 
chisel-shaped steel bit. Eventually in 1808, after much tedious labour, they 
completed a hole in the rock of 40 feck in depth, or 58 feet from the upper 
end of the “ gum,” and obtained a plentiful suppfy of brine. It was, how¬ 
ever, found necessary to devise Some means of preventing the dilution of the 
brine by infiltration of fresh water which still took plhce through the upper 
part of the well, and they accordingly Bet to work to manufacture two half- 
tubes out of strips of wood, joining the edges carefully, and binding the 
halves together with twine. This tube, with a bag ,.f wrapping at the lower 
end, made to fit as nearly as possible water-tight in the 2 J-ineh hole, was 
then driven into the well, and was found to answer its purpose perfectly, the 
undiluted brine flowing up into the “ gum,” where a water-tight bottom was 
constructed to retain it. These particular's are of special interest, since there 
is the same necessity for preventing* the influx of water in the sinking of 
petroleum wells. Soon afterwards tin tufcfcs, and then copper tubes with 
screw joints, wore substituted for the wooden tubing, and the bag of wrap¬ 
ping was replaced by a. more efficient arrangement termed a “ seed-bag.” 
This device consisted of a piece of buckskin or calfskin' spwn up like the 
sleeve of a coat, so as to form a tube some 12 or 15 inches in length, and of 
about the same diameter as the well. This was slipped over the well-tubing, 
and the lower end having been securely bound to Hie tuSe, was filled to the 
depth of 6 or 8 inches with flax seed, either alone or ffiixed with gum traga- 
cauth. The upper end haviag then, like the lower, been boujid to the tubing, 
b*t not securely (so that the bag would enfpty itsilf if it bScame needful to 
draw up the tubing), the arrangement was lowered into the well to the 
required depth, and the* contents of the* seed-bag soon swelling by the 
absorption of water, a water-tight joinifwas made. 

Of the t >cls devised to facilitate the operation of drilling, none is of greater 
value than the jars. This appliance, which may be likened to a couple of 
elongated and flattened links of a chain qfnstructei to slide freely the one 
within the other, was invented ii. 1831 by William Morris, l^s function is 
to give the drill ‘tiliarp jar on the upward stroke, thus loosening the bit if 
it has become jammed in the rock. 

The spring-pole employed by the brothers Ruffner consisted of a straight 
sapling 4c* or 50 feet in length, denuded of its branches, and fixed in the 
ground at an angle of about 30* oven the spot where the well was to be 
chilled. From the upperiand smaller end of tlig tree the drilling tools were 
suspended, and tho requisite movement was imparted by pulling down the 
* end of the sapling, and theh allowing it to spring back. 
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The plant employed in hand-drilling in Galicia is shown in Kg, 76. It 
consists, as will be seen, of a derrick provided with a powerful windlass A, 
by means of which a gang of men can draw up the weighty drilling-tools B; 
a smaller windlass 6r winch 0, for use with the sand-pump I), and a long 
massive beam B (pivoted not far from one end), from which the tools are 
suspended in the well. The bit or drill B is either chifel-shaped, or more 
often of such a form that it may be described as ^combination pf the chisel 
and the gouge. It isattached to an apparatus known as the free-fall jaxs, G, 


Fio. 76. • 



which consists of a rod .working freely within a casing or tube; the rod is 
provided with a pin or,stud running in a longitudinal slot in the tube, and 
this slot is prolonged at a right angle at its upper end, forming a catch for 
the pin. It is obvious that by slightly turning the rod when it is fully tele¬ 
scoped into the tube, it may thus be held or released. The tools are attached 
to the beam through the medium of iron rods H, screwed together, which 
are added successively as the depth 6f the well increases. Each« windlass is 
provided with a brake A', C'. It is. usual to commence drilling from the 
t>ottom of a square shaft excavated as deep as possible, and the operation 
consists in ^rawing down the, longer portion of the beam until the end strikes 
against a wooden block I. At this instant the driller gives a slight turn to‘ 
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the tools, by means of the lever K, the'pin of the jars is released from the 
catch, and the bit falls a distance of three or four feet, c|plivering a blow upon 
the rock $t the bottom pf the well. The longer end of the beam is then allowed 
to rise, and \he jars -being thus telescoped or closed, the driller gives the 
tools a turn in the reverse direction, and thus again brings the pin into the 
catch. The beamis usually about 30 feet in length, and pivoted about five feet 
from one end. A*gang <jf six men is required for the work, in addition to 
the driller? Drilling % this method is necessarily very slow, the usual 
nufnber of strokes which the writer has seen delivered per minute being six 
or seven. Moreover, the, imyfimum weight of the toftls capable of being 
used with a hand-rig is not sufficiently great for expeditious work or deep 
drilling, and, in fjct, very hard strata can scarcely be penetrated with such 
a system. When the bit requires dressing, qr the hole is full of detritus, 
the drifting tools are drawn up into the derrick by means of a wire rope 
coiled on the larger windlass, the rods being disconnected one by one. The 
well is th(vi cleared out jvith the sand-pump D, which is a cylinder provided 
at the lower end with a valve opening inwards. The sand-pump is lowered 
into tbo well,by the* use of the smaller windlass, and when it reaches the 
bottom, the valve is pushed open by the projecting stem L, and the mud flows 
in. As the cylinder is raised, the vahje, of course, closes. * 

' Horse-power and steam-power were employed* in drilling wells for brine 
in the "United States before the drifting of the first petroleum well in that 
cbnntry. 

XIII. The Production, Transportation, and storage of 
Crude Petroleum in the United States. 

The first operation connected witli the drilling of a petroleum well is the 
construction of the derrick (Figs. 77 and 78, pp. 140 and 141). This structure 
is pyramidal in form, and consists of four strong timber uprights held in posi- 
t'.on by the necessary ties and diagonal braces, and resting on stout wooden 
sifts. The hoight of the derrick is deter, .iaed by the depth of the well, or, 
more strictly speaking, by the length of the “ string” of drilling tools. In 
districts where the wells are comparatively shallow, lighter and shorter 
strings of tools can be'employed, aftd here the derrick js not more than « 
30 feet in height, but in drilling to the considerable depth necessary in 
the principal oil-fields of the United States, where the oil-bearing rock lies 
at a depth of a couple of thousand feet or more Ateneafb the surface, long 
and heavy strings of tools have to be used, and her* the derrick is at least 
70 feet, and sometimes more, in height, by about 20 feet square at the base, 
ajjd 4 feet square, at the summit. The cerner timbers or the derrick are 
formed of two 2-inch planks spiked together at right angles, and are added 
in successive lengths as the structure is bqjlt up story by story. Surmount¬ 
ing the derrick and holding the upper ends of the four corner posts firmly in 
position is the crown-black of massive timber. The floor of the derrick slopes 
slightly downwartis from the centre, and the lower part of the structure is 
boarded in and roofed. Up one side of the derrick, a ladder leads from the 
base to the summit. Immediately outside the derrick on the strong wooden 
foundation stands the Scmson-post, a massive square pillar of wood, which 
carries the wolfing-beam. Inside th^derrick is a smaller upright, termed the 
headache-post or life-preserver, to support the end of the walking-beam when 
disconnected. The end of this beam outside the derrick is connected by means 
of a rod termed the pitman, with a crank attached to the axle of the band-wheel. 
This wheel runs in bearings on a couple of uprights, and is caused to revolve 
through the medium of a band driven by a ^team-engine in an adjoining 
• shed, a rocking movement being thus imparted to the walking-beam.” The 




Complete Outfit, ready for drilling a well. Side elevation. 
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Letters op Reference to Fig. 


I4t 


c 

D 

E 

F ' 

G 

H 

•I 


A Derrick. • • 

A 1 Boiler. 

B Derriok girth. 

Derrick sill. « 

Braoe. > 

Derrick comer. 

' Crowg pulley block. 

Derrick floor. 

Derrick floefr sill. 

-j. Water tank. 

,T Foundation post. 

K Mud sill. . , , * , 

jj* Brace f rollback bull-wheel 

pOBt. 

Bull-wheel. 

Sand-reel lever handle. 
Main sill. * 

Samson post. 

Front jack-post.. • 

Knuckle post, for Band-reel. 
Baful wheel. 


M 

N 

O 

P 

Q 

It 

S 


T Sand-reel friction pulley. 

IT Walking beam. 

V Pitman. 

W Headache, or Deadhead 
. post. 

X Drilling cable. 

»Y Rope socket. 

Y 1 Sinker bar. 

Y a .Tar*. • 

Y® Adger stem. 

Y 4 Bit. . 

/. Temper screw. 

Z 1 Drilling hook. , 
p Adjuster board. 
a 1 Reverse cord to engine, 
link. 

a 2 Pulley for reverse cord, a ! . 
b Sand-puinp line. 
b l “Telegraph” to control 
engine. 

b- “ Telegraph ” pulley. 


Fig. 78. 


77- 


c Band wheel crank, 
d Bailer, or Sand pump, 
e Derrick ladder, 
f Bull ropo. 
f l Bull rope couplings, 
g Bull wheel brake band, 
h Drake lever, 
i Biace of back jack-post, Q l . 
,j Engine belt, 
k Centre irons. 

1 Braoe of engine block, m. 
m Engine block, 
n Engine. 

p Samson post brace, 
q Jack post braoe. 
r Sand-reel lever, 
s Band-wheel shaft, 
t Sand-pump puljey block, 
u Sand-reel draw bar. 
v Pitman stirrup. 
x Crown pulley. 



C Derrick sill. • 

E Derrick corner. 

G Derrick floor. 

G 1 Well hole. 

H Derrick flooi; 

K Mudsill. 

M Bull-wheel. 

M 1 Bull-wheel post. 

M ' 4 Bull-wheel shaft. 

0 Main sill. 

* 0 * Sub, or Counter sill. 
P Saq)80n post. 

Q Front jack-post. 

Q 1 Back jack-post. 

R Knuckle post. 


Lettebs dt - Reference. 

R 1 Sand-reel back post, or Tail piece. 
RS Tail silL 
S Ban§ wheel. 

S 1 Tug pulley. 

T Sand-reel brake pullev. 

T 1 Sand-reel friction pulley. 

T J Sand-reel sljsift. 

— Headache, or Deadhead post. 
Band-wfieel crank. 

. Brace of back jack-post, Q . 
p ,Samson-post brace. 
sI Brace of front jack-post, Q. 

2 Braoe of back jadi-post,.*} 1 . 

J Rand-wheel shaft. 

Sand-reel draw bar. 


W 

c 
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steam-engine is of the horizontal pattern, and from 1 1 to 15 h.p. The boiler 
is of the locomotive tjpe, and is usually fired with natural gas. To the side 
of the derrick opposite the Samson-post are fixed the, bearings, of the bull- 
wheel, a wooden windlass of massive construction, used for lowering anu 
raising the drilling tools. The bull-wheel is driven by the bull-rope, a 2-inch 
plain-laid cable, joined by iron couplings, which runs, crossed, in grooves in 
the bull-wheel and in the drive-wheel on the handwheel shaft. , The bull- 
wheel is provided with a powerful band-brake. A second windlass, termed 
the sand-reel, is also provided. This windlass, which is much smaller, is used 
for raising the detritus and water from the'well. It is fixed close to the 
band-wheel, and one of its supports is pivoted to the foundation of the 
derrick. Attached to this support is a rod which passe?, into the derrick, 
where it is connected with a vertical lever. By pulling this lever the slightly 
conical wheel on the saiyl-reel shaft is brought into contact with the band- 
wheel, and thus has motion imparted to it by friction. The driller can thus, 
from the mouth of the well, start or stop the revolution of the ' sand-reel. 
An endless cord, termed the telegraph, passes round a pulley on the throttle- 
valve of the engine, and a similar pulley in the derrick; the feversing link 
is also operated Is; a cord from the derrick; the running of the engine can 
thus be controlled from the interior 'of the derrick. The bull-wheel being 
driven through tho medium of the band-wheel, the pitman which gives 
motion to the rocking-beam is disconnected when tho bull-wheel is used, and 
similarly the bull-rope is thrown off when the pitman is in use. The cable 
used to support the drilling tools is ? 6-inch (2 inches in diameter) untarred 
Manilla rope, It passes from the great windlass over a grooved wheel 
termed the crown-pulley, fixed in the crown-block at the summit of the 
derrick, and thence to the drilling tools. The following are the particulars 
of the string of iools employed (see Figs. 77 and 79). 



Length. 

Weight. 


Ft. In. 

lbs. 

Kope-socket . . 

• . ' . ‘ . 3 -° 

90 

Sinker-bar . 

.« 12.0 

400 

Jars 

. . . . 6.0 • 

3 °° 

Auger stem . 

. . . . 3 2 -° 

1050 

Bit * . . 

• • « • • 3*4 

140 

« 

56.4 

1980 


These particulars are, taken from the catalogue of the Oil Well Supply 
Company, of Bradford, and Oil City, Pa., dated 1884. Mr. Oarll gives tho 
length of a string of tools as 62 ft. 1 in. and the total weight as 2100 lbs., 
the chief difference being in the .length and weight of the sinker-bar. Still 
heavier strings of tools are now employed. The sinker-bar. and auger steal 
are of round Norway iron, about 4 inches in diameter. The bits are faced with 
steel and range in width from abbut^jj inches to more than a foot, by about 
4 inches in thickness. The various component parts of the string of tools 
are connected by conical male and female screws, the ends,being squared for 
the application of a pair of powerful wrenehes, Fig. 79. The tools are 
connected in the order in which they are given in the table, and the end of 
the drilling cable is held by the rope-socket. c , 

The jars practically divide the string of tools into two sections, the one 
delivering a blow downwards and the.other a blow upwards. The auger or 
drill, which cuts an$l pulverises the rock, consists of the bit, or cutting tool, 
the auger stem, to provide the necessary weight, and the lower link of the 
jars. The sinker-bar and upper link of the jars provide the necessary 
momentum for delivering ah upward blow on the inside of the lower link of 
the jars to loosen the drill lo case it is jammed in the rock by the down- 
stroke. \ 








Regular die; 3}i in. diameter, 3a 
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The necessary outfit includes, besides bits of various sizes, reamers, Kg,* 80 
to enlarge the bortf of the well; winged substitute Kg. 8i, placed above 
the bit to keep it from glancing off; larger jars, tegiper-screw, and damps, 
Kg. 79, wrenches (already referred to), sand-pumps, Fig. 82, to remove the 
detritus, and bailer, Fig. 82, to remove water from the vjell. The temper- 
screw hangs from a hook on the end of the walkirlg-beaiji over the mouth of 
the well, and its function is to provide for the grSjkial loweringsof the tools 
as the drilling proceeds. At the lower end of the temper-screw are the 

Fig. So. * * Fig. Si. • Fig. 82. 


ROUND REAMER. WINCED SUBSTITUTE. 



Sometimes placed just above the 
bit to keep it from glancing off, also 
afiove the round reamer to keep it to 
its place. 



clamps, whjch can be screwed together so as to grasp the drilling cable at 
the required point. The sand-pump often oonsists simp!) <jf a plain cylinder 
of galvanised iron, as shown in th$ bailer, Fig. 82, usually about 6 feet in 
length, but sometimes considerably more, provided at the bottom with a 
valve opening inwards. The valve is furnished with a stem projecting down¬ 
wards, so that when the empty cylinder is lowered to the bottom of the well, 
or the cylinder, after becoiqing filled with water and pulverised rock, is with¬ 
drawn from the well andlowered into a trough, the valve is pushed open. 
In the former case, the opening of the valve admits of the entrance of the 
detritus, the valve closing ky gravitation as the cylinder is raised; in the 
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latter ease, the opening of the valve allows of the escape of the material 
removed from the well. * Another form of sand-pump has, in addition to th* 
bottom valve, h plunger attached to an iron rod passing through a stirrup 
spanning the top of the cylinder, as shown in Fig. 82. The apparatus is 
suspended from the upper end of the plunger rod, and when it reaches 
the bottom of the well.^tjje slackening of the rope allows the plunger 
• to descend to the bottom of the cylinder; on tightening the rope, the 
plunder is first raised, the entrance of tho detritus be jug thps facilitated, and 
when the plunger has reached the stirrup the cylinder 
itself begins to rise. The rope to whjch the sand-pump is Fjg. 83. 
attached passes ove»a small pulley at the top of the derrick HORN 
, and thenci to the sand-reel. The bailer is similar in con- SOCKET 

struction to the simpler form of sand-pump, but is pinch Wu i orwilh j ut 
longer, and is employed, as its name indicates, to remove adjustable bowl. 
water or oil from the well* 

Besides the drilling tools enumerated, a number of 
appliances ternjed fishing tools, Figs. 83 to 87, have to be 
provided. Of these there are hundreds, if not thousands, • 
of forms, and considerable ingenuity has been expended in 
devising them. (The uses of those figured are described in 
tho notes appended.) By means of the ponderous pole- 
tool's, which are screwed together length by length, until an 
iron rod of sufficient length to reach to the bottom of the • 
well, and weighing many tons, is formed, it is possible, at 
a depth even of, say, 1500 feet, after having cut off a 
broken cable from the rope socket, to unscrew a string of 
tools and raise the component parts one by one, 01 even to 
cut a thread on the end of a fractured sinker-bar or auger- 
stem, and thus obtain, by screwing, a firm hold of the tool, 
so that it can be brought to the suifacfj. Among the other 
instruments are the various grabs (Figs, o^f-86), some of 
which are designed to* pick up any small object that may 
have been lost in the well^such as a valve cup. 

Before proceeding to describe in detail the operation of ” 
drilling a well it will be advantageous to consider the ar¬ 
rangements usually made in the United States in obtaining, 
a site for the well. The development of the oil territory in 
Pennsylvania and New York ha:, shown that the producing 
fields lie on what is termed the 4j° line, w(iich is a line 4 
running north-east said south-west, and accordingly, in the 
extension of territory, preference is usually given to sites 
lying on a line drawn in this direction through existing Adi “u!phS’* 1 tot 
productive wells. It is also considered bf some that a well TotikeSoM of <mr 
which enters tho oil-bearing rock at a synclinal is likely to loo “«u. “ 
yield more largely than a well which taps the same rock at 
an anticlinal. Drilling on a hillside or on the summit af a hill is not found 
to have any disadvantage, as compared' with drilling in a valley, ether than 
that which attaches*'!) the circumstance Jhat the oil-sand may lie at a greater 
distance from the surface in the former c^se. Wells drilled imuntried terri¬ 
tory, or at a considerable distance from other wells, ar<j termed wild-eat 
wells. The <jpst of drilling being considerable, and the risk of getting a dry 
hole, or unproductive well, being in some "districts (jy no means slight, the 
production of petroleum is fisually, but by no means invariably, carried out 
by a company rather tban by an individual. A promising site having been 
selected, the land is occasionally purchased outright, but more commonly 
it is leased, the owner receiving, it may be, $ 100 or $r5o, or more, per acre, 

• K 
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ROPE SPEAR. 



To catch end of the rope 
•when it has parted in the 
well. 


VALVE ROPE 
KNIFE. 



Used .on a string ot 
sucker rods' 
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Fig. 84. 

FISHING TOOLS. 

TWO WING ROPE THREE WINd ROPE SUCKER ROD JARS. 
GRAB. GRAB - r 


To attach to suckf rods for 
cutting rope in the well. 


Showing rope knife cutting olT 
rope in the well. 


To take hold of the rope when it is 
broken off in the well. 


ADJUSTABLE V 'ROPE 


ROPE 

KNIFE. 


KNIFE. 


£ 

1 

B 

*\s 

& 


To cut the rope when the tools racefast in the well. 



m . 
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Fig. 85. 

FISHING TOOLS. *. 


MOUSE TRAP. HOLLOW REAMER. GRAB. 


BOOT JACK. 





} 

To fake hold of anv loose 
tool, below the collar, when lx>x 
or pin is broken off. 



To take hold of lower 
lialf of jars, under the head, 
when the upper half is broken 
off. 


TUBING SPE \R TUBING SPEAR JAR SOCKET. 
AND SOCKET. AND SOCKET. •• 


SAND PUMP 
OR BAILER 
GRAB. 



Por catting .ltd filing out 
">pc when muted in the 
tutd i it vdll also take out 
Mull piece, of iron or .tec!. 
Of email object. 
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DRILLING FLAW USED IN AMERICA. 


, Fio. 86. 

■ PISHING TOOLS. ' 


HOOKS FOR STRAIGHTENING SIT ALLIGATOR GRAB. 
OR REAMER. . * 



steel or other small ariicle 

To straighten a bit or reamer lost in the well when it lies that has been lost in 
agautat or has been jai titled 111 the well—the hook the well, 

goes round the shank. 


MANDREL 

SOCKET. 



Section of 
MANDREL 
SOCKET. 



GRAB FOR 
PACKER RUBBER. 



y\ 


To take out rubber that 
ha* 00me off of the 
packet. r 


f RASP. 

Two Wings. 



Tor rasping or reducinj 
the size of a box or 
collar on lost 
tools, so that a 
fishing tool 
can take 
hold. 


To take bold of cosing that hat collapsed or become 
broken in the well 











METHOD OF DRILLING AN OIL WELL. 149 * 

. • * 

and a certain proportion (one-eighth or more) of the oil produced. The 
drilling in commonly done by contract, the producer putting up the derrick 
and furnighing the engine and boiler, while the drilling contractor finds the 
tools and ta*kes all risks of accident or failure to conJplete the well. The 
drilling crew consists of two drillers and two tool-dressers, working in pairs 
in two tours (noon to midnight and midnight to noon). 

The first step m th§ grilling of a well is to sink a conductor through the 
surface ground to the solid bed-rock. When the superficial clays and gravels 

• . .* Fin. 87. * * 

• FISHING TOOLS. 

* TWIST DRILL. TWIST DRILL SPEAR. 



When the top of a lost tool has been bat¬ 
tered down so large that it fills the hole, 
and there is not room for a fishing tool to take 
hold, this drills a hole in the top in which is 
inserted the Twist # Drill Spear. Used on 
tubing. 



To catch a lost tool after the Twist Drill 
has made a hole. Used on tools. 


GRAB, * ROPE WORM. 


* <« 


cups when 
they have dropped from # 
the valve. 

« 

are not moro than 10 or 15 feet in thickness, a common well-shaft, 8 or 10 
feet square, iB dug to the rock, and a wooden conductor, somewhat greater 
in internal diameter than the proposed bo$a of the upper part of the well, is 
placed so as to extend from *he surface of the rock to the floor qf the derrick, 
the junction between the conductor and the rock being carefully made with 
a view of excluding gravel and mud jFrom the well. When the depth of 
surface-ground is too great to admit of digging down to the rock, strong iron 
piping, teigned d/rive-pipe, furnished at the lower end *with a sharp-edged 
shoe, is forced down by means of a mall working in guides, as in pile-drmng, 
fig. 88. When zoo or $oo feet have to be thus driven, as is sometimes 
the case* the presei'vation of a vertical line deiyands a good deal of skilj. I 
the bed-rock is reached at a less distance than about 60 feet from the surface, 


To take rope out of 
tubing. 


VALVE CUP 


To take out valve 
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the drilling tools cannot at first be used 
in the ordinary manner, and the drilling 
has then to be commenced by the opera¬ 
tion termed epudding. In this opera¬ 
tion the drilling tools suspended by the 
cable are raised and dropped by tighten¬ 
ing and then slackening the cable, which 
for this purpose is coiled two or three 
times round the axle of ,the revolving 
bull-wheel, the end' being held by the 
driller, or the cable is attached to the 
crank of the land-wheel through the 
medium of a jerk-rope. The action of 
the jerk-rope is shown jn Fig. 88, the 
arrangement of the rope for driving 
pipe and spudding boing similar. A 
sufficient depth having been thus 
leached to admit of the regular use of 
the drilling tools, the cable is properly 
coiled on the bull-wheel axle, the bull- 
rope is thrown off, the pitman connected 
with the crank, and the string of tools 
lowered to the bottom bf the well. The 
jars having closed by the slackening of 
the cable, the slack is taken up by turn¬ 
ing the bull-wheel by hand until the 
cross-heads of the jars come together. 

A few inches of cable being then paid 
out, and the temper-screw suspended 
from the walking beam being screwed 
home, the cable is grasped by the clamps 
at the lower end of the temperiscrew; 
sufficient cable being then uncoiled from 
the bull-wheel, the tools are suspended 
from the walking-beam, and, upon the 
beam being set in motion, the tools at 
once begin to rise, and fall, the rate of 
movement being so timed that the drill 
delivers forty or fifty blows a minute. 
If the vertical movement is 24 inches, f 


DRIVING PIPE. 







x METHOD OF DEILUNO AH* OIL WELL. IJI 

the sinker-bar first moves, say, four niches on the up-stroke, the cross heads of 
the jars come together with a sharp blow, and the auger-stem is lifted 
20 inches. On the dojvn-stroke the drill falls 20 inches, and delivers its 
blow upon the rock at the bottom of the well, while Ahe sinker-bar goes 
down 24 inches to telescope the jars. An unskilful driller sometimes closes 
the jars, this being especially liable to occur if the well is deep and contains 
much water, and thps worts for hours without accomplishing anything, for 
the tools nmy be restidg*on the bottom or remain suspended; but an 
expffrt can tell, by grasping the cable, whether the drill is working properly 
or not. As the “ jar” .gr^w.s ,feeble, it is “tempered’! to the requisite 
strength by slightly lowering the temper-screw, which practically lets out a 
little more cable. jSome of the best firillers, however, work by the spring of 
the cable a'one when a sufficient depth has beer; reached, and only use the 
jars whet the drill jams.. This operation is termed “ bouncing the drill.” 
As the drilling proceeds, the driller, who has his hand on the temper-screw 
lever, gives.the cable a sljght twist, and thus causes the chisel end of the bit 
to do its work evenly over the entire surface of the bottom of the well. 
When the whole length of the temper-screw has been let out, or the bit 
requires dressing, the engine is stopped, the bull-wheel connected, the pitman 
detached from the crank, and the tools drawn up into thd derrick, so that 
the lower end of the drill is above the level of theffioor. T'e wrenches are 
then appliod, the bit is unscrewed, and a fresh bit attached. The dressing 
oT the bit consists in heating the cutting end in, the forge fire, and 
hammering it out to a blunt edge of the required width. The principal 
object of the dressing is to preserve the necessary width* for this width 
determines the diameter of the well. The writer has seen a bit diminished 
in width to the extent of half an inch during its use in the pulverising 
of a very few feet of hard rock, while the cutring edge was not greatly 
blunted. Before the tools are again lowered, tne sand-pump is used to 
remove the detritus from the well, and the hole having thus been cleared, 
the brake is released and the tool* allowed to run down. If the well has 
leached a considerable depth, the velocity ^ith which the tools descend is 
such that the massjye derrick vibrates to its foundations, bnt the filler, 
with his hand on the brake and carefully watching for a piece of string tied 
round the cable at the required pointj reduces the speed,.before the tools 
reach the bottom. The cable having been, as before, grasped by the clamps 
(the temper-screw having been again screwed home), the pitman is con¬ 
nected, the bull-rope thrown off, and drilling recommenced. At night, the 
derrick is lighted with a primitive form of lamp, which may be likened to 
an iron kettle with a spout oq each side, in which crude petroleum is burned. 
In winter the derrick is frequently warmed by a simple stose, consisting of 
a rylinder of sheet Iron, in which natural gas is burned. 

When natural gas is obtained in sufficient quantity to furnish fuel for 
the boiler, it is conducted from the well through a 2-in. pipe, connected with 
the casing, and passing into the fire-box. A J-in. steam-pipe, fitted with 
an elbow and J-in. jet, is inserted in the gas-pipe close to the fire-hox, and 
a current of steam is thus caused to issue wjth the gas. This apparatus acts 
ns an exhauster, drawing the gas from th£ well, and* preventing the flame 
from running back, ' • 

The operation of drilling is, as already stated, continued day and night, 
but seldom proceeds very long without the occurrence oS some accident 
which necessitates the use of fishing-togls. Sometimes jt happens that the 
fishing operation is unsuccessful, and after months of labour the well has to 
he abandoned with a striqg of tools ill the hoi®. In rare instances, after 
ineffectual attempts to raise tools which have become detached, it has been 
.found possible to drill past them. The time cfccupied in drilling *0 a depth 
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of 1700 feet, the nature of the aoci<Wt& which may occur, and the extent of 
the delays thus occasioned, are shown in the following record relating to a 
well drilled in the Bradford held:— , , 

Dennis Well, Wo. r, 

situated on the Rogers Farm, f mile S., 25’ W., of Bradford, McKean 


Co., Pa. 




, , 

f 







•Dally Advanced, 

Depth, 

1877 





Feet. 


Feet. 

Nov. 29 Conductor 21 ft, previously set 

. 1 * 


12 

to 

33 

„ 

30 Thawing supply pipes . 


■ • 

.* 

— 


— 

Dec, 

1 Pulling tubing from water well 



— 


— 

it 

2 (Sunday) 




-v 


— 

it 

3 . . • <• • 




34 

tt 

. 67 

tt 

4 . 




48 

tt 

♦115 

a 

5 • • t • 




60 

tt 

>75 
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35 

»» 
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M 

7 . 



•% 

50 


260 

* » 

8 Engine gives out . 




31 

11 

291 

It 

9 (Sunday) 




e 


— 

tl 

10. 




49 

' „ 

390 

It 

11 . « 




45 

it 

435 

It 

12 Putting in casing , 
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10 

it 

445 ( 
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546 

tt 

14. 




86 

tt 
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tl 

15 » • u • • • 




66 

t» 
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>1 

10 (Sunday) 
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— 
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72 

„ 
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tt 

18 . 




68 
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tt 
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81 

„ 
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tt 

20 .... 




34 


953 


21 .... 




34 

a 

9S7 


22 • 




34 

•I 

1021 

tt 

It 

23 (Sunday) 

24 Broke jars and lost tools at 1056 ft. . 


35 

tl 

1056 


25 (Christmas) . 


t* • 





II 

26 Fishing 




— 


— 


27 Fishing . . ^ . 




— 


— 

It 

28 Fishing, got tools out, minus bit 



, — 


— 

tl 

29 Fishing 




— 


— 

It 

30 (Sunday! 



“ 

— 


— 

,, 

31 Fishing . , 




— 


— 

1878. 







Jan. 

1 Fishing. Pin broke above jars 



— 


— 

it 

2 Fishing » 





— 


— 

tt 

3 Cleared the hole 
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tt 
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6 (Sunday) . 
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tt 
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1878. 

Jan. 25 . . 1 

„ 26 Cjpble parted 9. ~o p.m., tools u 
rope in h<31e 

„ 27 (Sunday) .... 

„ 28 Fishii* .... 

„ 29 . . • . 

„ 30,Struck the oilsand at 16C4 ft. 

„ 31 . . . • . . . 

Feb. 1. 

it 2 • * I 1 r* • 


Daily Advanced, 
Fact. 

Depth, 

Feet. 

of 

31 tO 

•583 

0 ! 

1645 


— 

— 


— 

— 


I' 

1662 


9 

1671 


14 „ 

1C85 


14 

1699 

• * 

20 • 

1719 


Total time of drilling, about 47 days—66 days from time drilling began 
to completion of «vell. Average progress, about 36), ft. per day. Best 
24 hours*work, 101 ft. Well drilled dry; cased at 435 ft. Torpedoed on 
completion, when it gave a*heavy flow of oil for a short time, and afterwards 
yielded about 35 barrels per day. 

It will 4 ;e observed that the well in question was increased in depth 
55 ft. after the oil-sand had been reached. It is usual thus to drill into tbfe 
oil-bearing rook witlfthe object of obtaining a considerable extent of surface 
fo” the outflow of oil into the well. During this operation the oil frequently 
flows from tho well mouth, and in order to prevent loss, the drilling is 
carried on through an oil-saver , which is a cap fitted to the casing of the 
wpll and provided with a lateral pipe through which the oil can pass to a 
receptacle. • 

Every well in Pennsylvania is naturally divisible into three sections, viz.: 
(1) surface clays and gravels, (2) stratified rocks containing more or less water, 
(3) stratified rocks seldom water-bearing, including ‘he oil-sands. The first 
division requires the conductor already described, and the second division 
requires casing to* shut off the water from the third section. The earlier 
method of excluding the water, by placing a seed-bag round the tubing, has 
already been mentioned. This method was found unsatisfactory, as the tubing 
could not lie removed for repairs wfthdut disturbing the seed-bag, and letting 
water into the well. In 1868, cast-iron drive pipe was adopted as a substi¬ 
tute for the wooden conductor used in the earlier wells. Thff most 
important alteration irnuje in 1868 was, however, the introduction of 3 j-in. 
casiny as a permanent fixture. This casing extended tirtlfg bottom of the 
water-bearing rocks, aud was furnished either with the seed-bag or with a 
leather cup, which was forced open against the sides of the well by the 
pressure of the water. Tubing of 2 in. diameter, End extending nearly to 
the bottom of the well, was then placed inside and suspended from the 
casing. To obtain a supply of water for the boiler, a small pipe was inserted 
between the casing and the drive-pipe, into" the water chamber above the 
H ..id-bag. Although the 1868 well wa$ a great improvement on the earlier 
wells, it possessed defects." Thus, the casing being 3 J-in. internal diameter, 
while the uncased part below it was sldn., fishing tools could not be easily 
introduced, end if it beoame necessary to deepen the well, only a 3|-in. bit 
could be used. Tne improvements which followed are best exemplified by 
the description of one of the wells of 1878^ This well has an 8-in. wrought- 
iron drive pipe, armed at thq bottom with a steel shoe. The pipe is driven 
down to the bed Aek, and an 8-in., or, strictly speaking, 7|-in., hole is drilled 
to the base of the water-bear ing strata? At this point the bore is reduced to 
5^-in., and there a bevelled shoulder’is made in the rock* 5|-in. artesian 
casing, provided at the lower end with a* collar to fit the bevelled shoulder, is 
then inserted, and a sufficiently water-tight joint is thus made. Drilling with 
5j-in. bits is then continued until the required" depth has been reached. 
This system admitted of the drilling of the welj with only sufficient water in 
the bore for sand pumping, the water being shut off as soon as the 5$-in, 
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casing was introduced, while the 1868 system necessitated the com¬ 
pletion of the well before the introduction of the casing, and therefore the 
well had to, tie drilled in* water, the buoyancy of which interfered with the 
action of the ‘drill. The characteristic features of th<? three systems are 
shown in Figs. 89, 90, and 91. The casing, consisting of strong wrought- 
iron lap-welded tubing, is gdded in successive lengths screwed together. 

• Fro. 90. 



Cross section of WellHf 1861. • 


The depth of the* wells increased frgm 436 feet in 1861 to 1606 feet, or 
more, in 1878, Fig. 92. The time occupied in the drilling of„a well of given 
depth is, of course, largely*dependent on the character of the strata.. The 
variations which may occur are shown in Kg. 93 (p. 158)* the Washington 
fiqjd the average depth of the wells is about 2400 feet, but when the writer 
visited that field in 1886 he was informed tliat there was a producing well 
of the depth of 2595 feet, and it is stated that there is an unproductive vk11, 
or “ dry hole,” which* has been carried to the depth of 43°3 Only the 











Yl G. 9 1 * 


56. 



Cross section of Well of 1S68. Cross section of Well o S 1878. 















^ram showing the depth of bore hole completed daily in six wells in the vicinity of Petrolia, Butler Co., U.S.A. Designed to exhibit the 
variable character of strata drilled through, by the variable results obtained in a given time from a uniform method of drilling. E$ch 
diamond represents 24 hours’ work, and as the rate of drilling depends upon the quality of the rock, the length of a diamond should indicate 
whether the rock is hard or soft. 
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most experienced drillers are able to work successfully at such great depths, 
and even ^killed workJnen occasionally fail, for therb are wells in the 
Washington field which have been abandoned with thred sets of tools in the 
hole. The chief difficulty encountered arises from the caving of the rock. 
The average time»occupie_d in the drilling of a well in this field is four 
months, and the cost of the well is as much as $8000, while the cost of wells 
in the Bradford field <Ws not exceed $2500 to $3000. Drilling in tho 
Washington field is paid for at the rate of $1.75 to $2.00 per ft.; while in 
the Bradford field the »pnymesi for this work is at flie rate of from 
45 cents to 60 cents per foot. At t this rate of payment, the well-owner 
provides'the derrick (which costs about $500), the boiler (about 25 h.p., 
costing i^out $500), the engine (about 20 h.p.,* costing about $200), and 
the connections (costing about $100), while the drilling contractor furnishes 
the cable, the drilling tools, coal and labour. Occasionally the drilling 
contractor also provides the engine, boiler and connections, and then receives 
payment at a higher rate per foot drilled. The contractor pays the driller* 
£4 per day, aqd the'tool-dresser $3^ per day, and as there is a night shift 
am] a day shift, the wages amount to $15 per twenty-four»hours. A11 oil- 
lease in this field is usually for five year#, or as much longer as oil or gas is 
produced in paying quantities, and the document ushally includes a covenant 
t]^at tire lessee is to commence devo’opment within one year, or it may be 
two years, or is to pay a stipulated rent per acre. The. landowner or farmer 
retains the right to use the land for agricultural purposes, tjrie lessee being 
entitled only to so much of the surface as he may need for the purpose of 
petroleum production, and for ingress and ogress. Tho terms of such a 
lease are also usually that the lessor receives a cash payment of $100 per 
acre if the district has already produced oil, with one-eighth of tho oil pro¬ 
duced (in kind). 

As an illustration of the sizes and lengths of casing employed in tho 
Washington field, the following particulars, which refer to a well in process 
of drilling visited by the writer, may be given:— 

16 to 18 feet of qrooden conductor. 

682 feet of xo-inch casing 1 
1060 feet of 7g-inch casing r inteihal diameters. 

1750 feet of 51-inch casing ) 

The casing was in lengths of from 17J feet to 20 feet, carefully screwed 
together. It will be understood that each string of casing extends from 
the mouth of the well. Allowance has to be made? in drilling for the 
larger size of the sockets on couplings of the casing, and for the hole 
not.being quite true; accordingly, a 13-inch bit is used ffor the 10-inch 
casing, a 10-inch bit for the 7^-inch pasing, and a 7^-inch bit for the 
5$-inch casing. * , 

Nearly all the wells in the Washington field were at the time of the 
writer's visit flowing wells, the flow usually being continuous. The arrange¬ 
ments adopted for*the separation of gas and oil obtained from flowing wells 
are shown in Fig. 94. The maximum regular yield of any one well was 
probably from 600 to 700 barrels per diem, and in consequence of the great 
expense of drilling.in this fields no well which yielded much less than 
too barrels per day could be considered to pay. It was calculated that one 
of the wells in this field yielded 3600 Tiarrels every twenty-four hours for 
about a week after it was completed.* • 

On the‘completion of the drilling, the well is “torpedoed,” with the 
object of increasing the flow of oil. Tne torpedo employed is a charge of 
nitroglycerine in a suitable shell, Fig. 95 (p. 161^ which is lowered to the oil- 

• The “Armstrong N». 2” well in Butler County, Pa., completed 1884, was estimated to 
have flowed at the rate of 260,000 imperial gallons per diem (24 hours). i# 
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by the employment of what is termed a “ go-devil squib.” The squib is 
practically a miniature <4 the torpedo. Its tin case holds about a quart of 
nitroglycerine,,and it has a firing-head similar to that already described, 
but without the disc, the percussion-cap being detonated by the impact of a 

. Fig. 95. 

WELL TORPEDOES, 


, ,» • "OO DEVIL" 

TORrEDO TOP PLATE. 



leaden weight running on a cord. The Squib is lowered into the well until 
it hangs suspended by the side of the torpedo; the weight is then allowed 
to run down the line, the squib is exploded, and this causes the explosion of 
the large torpedo. • 

The torpedo is lowered into the well by a cord having at the end a hook 
• L 
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which can be easily disengaged from the wire handle of the shell. The 
precise position of< the torpedo in the well is determined by fixing to the 
lower end of the shell a tin tube, termed the anchor, forming a support of 
the requisite length. Frequently as large a charge as 80 quarts is employed, 
four or more shells of the dimensions given, placed one ppon another, being 
used in such cases, and sometimes this quantity is? exceeded. A considerable 
number of firms are engaged in the manufacture of' nitroglycerine in the 
oil-fields, and it has been estimated that in the Bradford field alone more 
than eight tons of the material were used foy torpedoing wells during the 
month of July 1885. The cans in which the explosive is conveyed to the wells 
hold from six to eight quarts, and the' waggon employe^ for the transport is 
commonly fitted with padded compartments for ten cans. The use of the 
torpedo in wells was patented by Colonel Roberts in 1864, and th6 operation 
of torpedoing was subsequently conducted by a company who purchased the 
patent. The fees charged by the company being high, attempts jvere made by 
well-owners and others to prepare their own torpedoes, the persons employed 
in this secret service being termed “ moonlighters.” Ip the Washington field, 
wells are frequently torpedoed several times, the charges being gradually 
increased in size. The torpedo is generally exploded under about 50 fefit of 
water. Little or no sour.d is heard, but a slight quiver of the ground isoften 
perceptible. A few moments after the explosion the fluid in the well is shot 
into tho air with great violence, forming a magnificent fountain, and shiall 
pieces of r ock arc also thrown out. The well may then begin to flow, but 
there is usually a sufficient interval to admit of the casing being connected 
with a tank in which the oil is collected. Some authorities are of opinion 
that the use of the torpedo is of little value, that its effect is simply to clear 
the pores of the rock of obstruction, and that the apparent increase in the 
yield of oil is a temporary one, due to reaction from the immense gas pressure 
produced by the explosion. Many wells, however, that gave little or no oil 
on the completion of the drilling, haye,,through the use of tho torpedo, been 
caused to yield abundantly. 

The drilling of oil-wells is an operation by no means free from risk. 
Occasionally, when oil is struck the outrush is so violent that the ponderous 
drilling tools are, projected from the well, and the liberated gas is liable to 
take fire. Di-. Gesner gives the following description of an accident of this 
class, which occurred in the early days of the industry:— 

“ We had gone c|own 300 feet, and were expecting to strike oil at any 
moment. We went up to the shanty whore we boarded to supper, and on 
our way back to the well, which was just below in the hollow, we saw the 
men hurrahing, and presently a jet of gas, water and oil rushed up, fairly 
lifting the tools out of the well. It roared and hissed like letting off steam 
from a boiler. The stream seemed to me to mount higher than the derrick, 
which was 40 feet high. The folks in the neighbourhood ran down with 
their shovels and dug a circular trench around the well, throwing up a bank 
to catch the oil, as we had not expected such a flood and bad no large tanks 
ready. The gas mingled with the air, and for a distance about the well the 
air was almost yellow with tte gas and spray of oil from the fountain. 
Mr. It. and myself looked on a while, and then started, to go to the engine- 
house of the next well to have the fires put out. Before we reached it, 
however, the, gas took fire like a flash of lightning. Mr. R., who was 
passing a small'tank of oil, was covered with it as it took fire also, and I 
lost sight of him for a moment. My hair and face were burned, but I was 
not much hurt. The wight of the burning well was terrible. A great 
fountain of fire, it wavered to and fro as the wind took it, and threw off 
blazing ,,jets of oil. The poor people who were dipping the oil up in the 
little pool around the well wilted down like leaves when the forest is on fire 
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Some tried to crawl away, but the liquid flame ran along the ground and 
caught them. Several pundred barrels of oil from a •neighbouring well 
caught fire* Vast clouds of smoke rose from the burning well, and floated 
off over the hills; and when night set in, the clouds and hills were red with 
the light of the conflagration. Mr. K. died very soon after. There were a 
great many lives lolt.” 

In Decenjber 1884, a burning well in the Thorn Creek district, estimated 
to be discharging more than 2500 barrels of oil a day, created a great 
sensation, the column of flame beiqg 175 feet in height. • 

The great majority of *the wells in the United States oil-fields do not 
flow, and,the oil has to be raised to the surface by a pump. In some cases, 
however, wells which would not otherwise flow mijy be caused to do so by 
the use of the water-packer. This device not only prevents water that 
may pass into the well below the casing from gaining access to the oil-sand, 
hut also stops the ascent of gas through the annular space between the 
casing and the tubing. There are several forms of water-packer, but the • 
simplest is a ring of india-rubber which is applied to the tubing at the 
required point, and upon compression is forced against the walls of the well, 
communication between the outside of tho tubing above tho packer and the 
oil-sppee below it being thus shut off. The pressure of the gas thus con¬ 
fined in the oil-chamber causes the outflow of oil through the tubing. The 
fl«av only takes place when sufficient pressure has accumulated, and is 
generally intermittent. When tho well requires to he pumped a valved 
working-barrel with valved sucker is attached to the lower end*of the tubing, 
a perforated anchor being placed below it. The sucker is furnished with a 
series of three or four leather cups, which are pressed ngrinst the sides of 
the workiug-barrel by the weight of the column of oil. Connected with the 
sucker is a string of sucker-rods of the requisite length, the upper end of 
the top one of the series being attached to the walking beam, Fig. 96. 
The sucker-rods are screwed together, and are usually of ash, but metallic 
rods are also used. When a numKor of contiguous wells, nope of which 
yield largely, are to bo pumped, a grasshopp&, or sucker-rod movement, is 
employed. This apparatus admits of the application, through the meuium 
of simple mechanical contrivances in jvliich old sucker-rods are largely 
utilised, of the motive power of a single engine to a consideraBle number of 
pumps. 

The average length of time during which an oil-well in the United 
♦States may be expected to yield oil in remunerative quantity, has been 
estimated at five years, but tho period varies within wide limits. 

It is usual to remove the casing from exhausted wells foy^ use in new 
wo 11 %. This allows water to pass from the water-bearing strata to the oil- 
sands, and as it is found that the yield «of adjacent wells is prejudicially 
affected by this “ flooding,” the Pennsylvania^ Legislature has enacted that 
abandoned woils from which the casing half been drawn are to be “ plugged ” 
by filling them with sand. 

The practice in the United Statos is to drill acquired territory as quickly 
as possible and take out the oil. It has beenjjjemonstrated that there is a 
lateral flow of oil through the oil-bearing strata (in one instance red paint 
put into a well bein£*pumped out of another about half a mile distant), and 
it is therefore sometimes impossible for a'jessee of oil territory to preserve 
the oil beneath the surface. The petroleum must be raised, or it would be 
■drained away by wells on neighbouring property. * 

The wells in Pico Oafion, California, range in, depth from 700 ft. to 
2o«o ft., and are usually commenced with a 10-inch or 12-inch hole, the 
diameter being reduced as caving occurs. Occasionally the well is complete 
with a diameter as siqjill as 3$ inches, but efforts are made to carry a 5§-inch 
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hole down to the principal oil-bearing rock. The length of conductor varies 
from 10 ft. to 20 ft. Some of the wells have no provision for shutting off 
water, but all are eased to prevent caving. The length of thpe occupied in 
drilling to a depth of 1500 ft. in this locality is from four to five months. 
The wells are not torpedoed. „ 



Before the completion of the drilling of the well, a circular wooden tank 
is erected to receive .the oil. Such tanks commonly hold about 250 barrels, 
but some are of two or evjpn three times that capacity. As soon as the well 
commences to yield, either by flowing or by being pupped, notice is given to 
unrepresentative of the transportation and storage company, who connects 
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the tank, by means of a 1‘2-inch pipe, with the company’s mains. “When the 
tank is full the quantiiykif oil is gauged by the company, 3 per cent, is 
deducted ffir V shrinkage,” or loss in transportation, ome-eighth, or other 
agreed proportion, is appropriated to the landowner, and the remainder is 
entered to the credjt of the producer in the books of the company. The oil 
thus received may be compared to a deposit in a bank, and is similarly 
transferable Jby written ohdir. Such written order, when accepted by the 
company, becomes what is' known as a “ certificate,” and is a negotiable 
document. The oil excbapg^s only deal in certificate for *ooo barrels, but 
smaller quantities of oil can be sold. The company allow thirty days free 
storage, and after that time make a cfiarge per barrel per month as long as 
the oil remains in their custody. Any oil destroyed by fire is deducted 
pro ratd Worn the total stopks, this being practically a system of mutual 
insurance. * 

In the early days of $he United States petroleum industry, the only 
method of transporting the oil from the well was to place it in oak barrels • 
holding 40 or 50 galleys, and to convey these barrels by road to Oil Creek, 
where their consents were emptied into bulk barges holding abopt 2000 barrels. 
As Oil Creek was not ordinarily navigable, arrangements were made with 
mill-owners for the uso of the surplus water stored in the dams, and at 
intervals the barges were floated down from dam to dam until they reached 
tfe mouth of tho Creek at its junction with the Allegheny river, from which 
point there was good flat-boat navigation to Pittsburg. This method of 
transportation was not only very costly, but was also attended with frequent 
loss of oil through the barges eoming into collision while being floated down. 
Dn one occasion from 20,000 to 30,000 barrels of oil were thus lost. Added 
to this, the roads over which the barrels had to be drawn were little better 
than paths through the woods. Nevertheless, the syitem, for want of a 
better, was for some time largely adopted, over 1000 boats, 40 steamers, and 
4000 men being engaged in the traffip. » 

In the latter part of 1862, a branch of thp Atlantic and Great Western 
Railway was carried into the oil regions, and at a later date the Allegheny 
Valley Railway was opened from Oil City, at the mouth of Oil Creek, to 
Pittsburg, and a number* of narrow-gauge railways were constructed as 
feeders. * 

Crude oil was at first conveyed by mil in barrels coated internally with 
glue, but the small quantity of water present in the oil was found to dissolve 
the glue and cause the barrels to leak. To remove this difficulty and to 
reduce the cost of handling the, oil, tank waggons were adopted in 1865 or 
1866. These waggons at first consisted of *an ordinary t»uek, on which 
were placed two circfilar wooden tanks or tubs, holding from 2000 to 4000 
gallons. In 1871, a tank car similar to tllose now employed was introduced. 
This consists of a horizontal cylindrical ttpik'of boiler-plate, lying upon a 
truck, and provided with a dome such as a horizontal steam boiler has. The 
tank is furnished with an orifice in the top of the dome for filling, and with 
a valve beneath by which it can be emptied. The tank-waggon now employed 
usually holds nearly 4500 American galloriw (3748 imperial gallons), the 
receptacle being abopf 24 ft. 6 in. ip length by 5 ft. 6 in. in diameter. 

Tank barges, 130 ft. in length, by *22 ft. beam, and 16 ft. in depth 
divided into eight compartments by oil*tight bulkheads, haue been largely 
employed for the conveyance of oil on the Allegheny river. 

In 1862,% Bill was introduced into the Pennsylvania Legislature for a 
pipe-line from Oil Creek to JJitanning; But this, and a subsequent scheme 
for laying a pipe-line down the Allegheny river to Pittsburg, were strongly 
opposed and came to nothing. According to Mrt C. L. Wheeler, the credit 
of having first suggested the laying of a pipe-line belongs to General Karns, 
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while a Mr. Hutchinson was the first to carry out (the idea. Hutchinson^ 
pipe, which was ofily about three miles in length, was, however, so de 
fectively constructed and leaked to such an extent, that little; if any, of thi 
oil run in at one end reached the other. Professor Peckham states that th( 
first successful pipe was laid by Van Syckle, of Titusvi’Ie, in 1865. Thii 
line (which was four miles in length) and another were afterwards workec 
by the Allegheny Transportation Company, tfipugh not at first without 
considerable opposition from the teamsters, who more than once malicibuslj 
severed the piped. However, by the employment *>f armed patrols the line! 
were preserved from destruction, and after a time the opposition ceased 
Gradually, a system of pipe-lines running from the welly to central stations, 
and thence to loading racks for the filling of tank-cars on the railway lines, 
was constructed, and in 1867 there were eight, or nine companies owning 
pipe-lines in the oil regions, and issuing negotiable certificates for the oil 
which they collected. > , 

' In the principal oil regions of the United States there is, at the present 
time, a network of 2-inch piping connecting the various wtjjls with storage 
tanks, the aggregate length of the piping so employed being several thousand 
miles. . 

In 1875, the first trhnk line was laid. This extended from the lowter oil 
country to Pittsburg, a distance of sixty miles, and was 4 inches in diameter 
Like the first pipe-lines from the wells it had, for a time, to be protected 
against violence. 

As tho refining trade developed, it became concentrated on the Atlanta 
seaboard and on the shore of Lake Erie, and the transportation of the crudf 
material to the refineries became a business of very great importance. Front 
1878 to 1881-2 the construction of great trunk lijies was continuous 
Consolidation of the transporting companies also took place, and subse 
quently the principal pipe-lines passed into the hands of a corporator 
known as the National Transit Company. This company owns the following 
trunklines: < 

# Lcntrth 

1 in miles, 

From Glean, N.Y. to Now York, Bayonne, end Brooklyn . . 300 

From Cnlegrove, Pa., to Philadelphia . . . . . 280 

From Jlillway, Pa., to Baltimore.70 

From Hilliards, Pa., to Cleveland.100 

From Four Mile. Cattaraugus Co., N.Y., to Buffalo ... 70 

From Carbon Centre, Butler Co., Pa., to Pittsburg ... 60 

A total, including duplicate lines, of about 1330 miles. The New Yorl 
line consists of two 6-inch pipes for the entire distance l with a third 6-incl 
pipe for a portion of the way, and is ..provided with eleven pumping station: 
about 28 miles apart. The transporting capacity of this line is about 28,00c 
barrels per day. The greatest elevation of the pipe between stations above 
tide-water is 2490 ft. The Philadelphia line has a diameter of 6 inches, witl 
six stations; the Baltimore line is 5 inches in diameter, without a break; the 
Cleveland pipe, 5 inches, with four stations; and the Buffalo and Pittsburj 
pipes, 4 inches, with' two stations. 

The pipe is made specially, and is of wrought-irot, lap-welded. It i 
tested to a pressure of 1500 lbs. pei square inch, the working pressure bein| 
900 to 1200 lbs v or even more. The pipe is in lengths of 18 ft., provided a 
each end with ccnrse and sharp taper threads, nine to the inch, and th 
lengths are connected with long sleeve couplings, also screwed taper. Th 
line is usually laid two dr three feet below the surface of the ground, thong! 
in some places it is exposed, and at intervals bends are provided Jo allow fo 
contraction and expansion. At the different pumping stations there ar 
tanks of light boiler-plate, usually about 90 ft. in diameter, by 30 ft. i) 
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height, the oil being pumped from tile tanks of one station to those of the 
next, though sometime^ a loop is laid round a station, and oil has thus been 
pumped a,distance of no miles with one ongine. Tte pumping engines 
employed aret the Worthington engines, constructed at the Worthington 
Works in New York, and at each station there is usually a duplicate set. 
These engines, wMch are from 200 to 800 h,p., have independent plungers, 
with exterior packing,, vqlve-boxes subdivided into small chambers, and 
leatjier-linea metallic valves with low lift and large surfaces. The pumps 
are so constructed that before one plunger has completed its stroke another 
has taken up the work. • The fidlumn of oil is thus kept continuously in 
motion,_ and the violent concussions which occur when the oil column 
is allowed to come to rest between the strokes, are avoided. In the 
older systems of pumping these concussions ’ sometimes resembled the 
report of a gun, and the pipes were soon rendered defective by the sudden 
strain. 

Besides*the tanks at -the pumping stations, the National Transit Com¬ 
pany own an immense amount of tankage at convenient centres. The tanks 
now usually employed for storage purposed aro 93 ft. in diameter, by 30 ft. 
in.height, have slightly conical wooden roofs covered with sheet-iron, and 
hold 35,000 barrels each. * 

the Tide-Water Pipe Company’s line consists of a pipe, 6 inches in 
diameter, extending from Rixford, in the Bradford field (about eight miles as 
the crow flies, south-east of the town of Bradford), in a’general south-easterly 
direction, to Tamanend, in Schuylkill county, where the oil is transferred 
to tank-cars and conveyed by the Reading Railroad to Chester, a town 
fifteen miles from Philadelphia, or to Bayonne, New Jersey. Prom Rixford 
to Tamanend is a distance of about 170 miles, and in this distance there 
are five pumping stations. Instead of the stations being placed, as they are 
on the National Transit Company’s lines, at pretty regular distances of 
twenty-five or thirty miles apart, they are separated by distances corre¬ 
sponding in some measure with the 'inclines, the greatest distances being 
fifty-five miles, and the shortest twenty-four miles. By the use of loop- 
lines round the stations, the oil is, however, frequently pumped In hot 
weather, when it is most fluid, a distance of eighty miles. The working 
pressure is 1000 lbs. per square inch, and the capacity of *the line 10,000 
barrels per 24 hours. The Holly pump, a three-throw pump with gearing, 
is used on this line. 

The pipe lines are cleared of obstructions causedf by sediment deposited 
by the oil, by the use of an ingenious instrument, wHich like the torpedo- 
exploding weight is termed *a “ go-devil.”, This apparatus consists of a 
coaical brush of steel wire furnished at the base, or rear end* with a leather 
valve in four sections, strengthened with brass plates, and with steel wire 
guides. The “ go-devil ” is pumped through with the oil, and travels at 
the rate of about three miles an bout. Its progress is traced by the 
scraping sound emitted, and it is followed from one pumping station to 
another by relays bf men. The instrument must never be allowed to get 
out of hearing, otherwise in the event of jgji progress.being arrested by an 
obstruction, it may be necessary to take up a considerable length of piping 
to ascertain its position. ' 

It will be obvious from what hd^ been stated that the identity of 
the oil run into the pipe-lipe system is destroyed, and that only a 
limited aiqpunt of classification of the crude oil is possible. The heavy 
oils from the Franklin and other districts are .therefore transported in 
Barrels, • 

It is by no means uncommon for crude petroleum in the storage tanks to 
be set on fire by Jightning, notwithstanding the general employment of 
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lightning conductors, the vapour which the oil evolves readily taking fire, 
and communicating flame to the oiL When a tant has taken fire, the oil 
is liable to boil over, and to prevent this holes through which the oil may 
escape are made by firing round shot at the tank from small cannon. 
Such tank fires are occasionally of great magnitude and involve no small 
danger to surrounding property. A fire of this nature caused by lightning 
which occurred in June 1880, continued for three days, aiyi destroyep 
200,000 ban-els of oil, eight or ten iron tanks, two refineries, two bridges, 
and twenty or thirty dwellings, the estimated loss being $500,000. 


XIV. The Production of Natural Gas in the 'United States. 

The gas-wells in the United States are similar to the oil-wells, but the 
casing hoads arc in many instances firmly secured to the ground by chains 
to prevent their being forced off by the pressure, which sometimes amounts 
-to several hundred pounds per square inch. The gas-mains are also similar 
to the oil pipe lines. The first mains laid had a dianleter of 6 inches, but 
piping up to y 5 inches diameter is now employed. The diminution, of 
pressure through friction is reckoned at about 5 lbs. per mile for a 6-inch 
pipe, and 3 lbs. per mile for an 8-inch pipe. According to Mr. Carnegie, the 
most prolific of the gas-wells yielded about 30,000,000 cubic feet per v; 
hours, but half this .quantity may be considered as the product of a good 
gas-well. 

XV. The Production and Transportation of Crude Petroleum 

in Bussia. 

In the drilling of petroleum wells in the Baku district and elsewhere in 
Bussia, drilling tools and derricks similar to those already described are 
employed, but in many cases operators have preferred to substitute for the 
drilling cable a string of iron rods. These rods are from 40 to 60 feet in 
length and are screwed together, an additional rod being added from time 
to time as the drilling proceeds. This system, w,hieh had previously been 
in use in Canada (where, however, wooden rods are employed), is by some 
considered to he preferable where the strata to 00 drilled through lie, 
as in Bussia, very irregularly; but it is far less expeditious than the rope 
system, the loss of time involved in unscrewing the rods, length by 
length, when the tools are raised for the purpose of dressing the bit or 
removing the dotritus from the well, being very considerable. A few years 
ago the rod afi'd the rope systems were in use in Bussia to about an equal 
extent, but the rope system is gaining ground. Mr. M. Kydcn (formerly 
constructing engineer to the Nobel Company) has informed the writer that 
a wire rope has successfully been employed as a substitute for the manilla 
cable. 

A system of drilling, in which the tools are attached to hollow rods 
through which a stream of vaster is forced under a pressure of 50 lbs. 
per square inch, has been experimentally employed by Messrs. Nobel. 
Under this system the detritus is continuously washed "dut of the well by 
the current of water, and the use df the sand-pump becomes unnecessary. 
The plant employed in this system (which is sometimes termed the “ water- 
flush ” system), with hand labour and steam power respective,ly, is shown 
in Figs. 97A and 97B. 

The wells are c.ised with iron tubing varying in thickness from y ff infch 
to J inch, the easing.lengths, when of considerable diameter, being attached 
by 'rivetiiig, while those of smaller diameter are screwed together. Vasi- 
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lieff* estimates the total cost of 16-inch, 14-inch, and 12-inch casing for a 
well 600 feet deep at jo. , 

In consequence of the immense pressure exerted by ^he oil (whioh some¬ 
times amounts to as much as 300 lbs. per square inch), special provision has 
to be made for preventing leakage round the outside of the casing. Accord¬ 
ing to Vasilieff, a satisfactory arrangement has been found to consist in first 
sinking an ectagonal well, about six feet in diameter, some 40 feet down to 
theiard ground, then plabing the casing pipe in position, and filling in the 
space between the pipe qpd^the.ijalls of the well with masonry in cement. 
The same object has, however, been attained more effectually by tamping the 
space with puddled clay, rammed in thin layers, after the joint between the 
pipe and the solid* ground has been well caulked with rope-packing. In 
some ca. 4 fcs where the lower strata are in the nature of a quicksand, it has 
been found practicable to force down the casing with a screw-press. 

In the neighbourhood of Baku, it is usual to continue drilling as long 
as there is a chance of getting a spouting well, and to attain this result it hj 
found necessary to yierease the depth of ttye wells year by year. Thus the 
average deptlf of the wells in the Balakhany-Saboontchi field has gradually 
increased from 420 feet in 1885 to 665 feet in 1889. It hat been estimated 
that the level of the oil is lowered i n "the Balaktyany field to the extent of 
j;6 feet for every 500 million gallons extracted. 

* The diameters of the 261 wells m the Baku district in 1889 were as 
follow's: 
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Continuous fountains, the othor^powiug iuteijaiUeutly, 


Colonel Stewtirt mentions that the depth of the wells In the Tllsk 
district varies considerably. Thus, well No. 46 of the Standard Busse 
Company has a depth of 1253 feet, -fthile the neighbouring well, No 43, 
produces oil from a depth of *680 Feet. The diameter jof the wells in this 
district ranges from 20 inches at the surface down to ioinches at the bottom. 
In the Kertch field, the depth of the wells is bltween 800 and 1000 feet, 

and the diameter from 12 inches down to 6 inches or less. 

• # * 

* “ Gomy Jumal " Russian Mining Journal), September 1885. Translated and abstracted 
by William Anderson. Proc. Jnst. Civil Engineers, vol. lxxxiii., Bess. 1885-86, Part I. 
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The length of time occupied in drilling avers ges from six to eight 
months. The total cost of a well in the Baku district may be said to range 
from ;£iooo to ^3000; Mr. Peacock gives the average cost, including labour, 
derrick, boring toofs, casing pipes, boiler, eDgine, &c., as £2000 ; whilst 
Vasilieff estimates the expense of drilling a 16-inch well to 600 feet 
depth as;£ii48 12s.,or with office and other charges, ^1300. Theaverage 
rate of drilling is stated to be 140 feet per month, but about 7 feet can 
frequently be drilled in a day of ten hours. 

Colonel Stewart reports that in the Bibi-Eibat field drilling is paid for 
at the rate of ten roubles for the firBt fathom of seven feet, the payment 
increasing with the depth to ninety roubles for each seven feet at a 
depth of ninety fathoms. This scale of prices is based Upon the furnishing 
by the owner of the land of all the plant necessary for drilling an 1 casing 
the well, besides, apparently, upon the understanding that an increased 
payment is to be made if specially hard strata are encountered. 

Mr. Peacock gives the rates of wages as one shilling per day for unskilled 
labourers, and from two to four shillings per day for skilled workmen. Ho 
adds that crown lands on new territories may be leased at the rate of ton 
roubles per desfctine (about 2| acres). The Standard Russe Company pay 
a rent to the local Cossaqjc Government of 25,000 roubles for the one and a 
half million acres of land held by them in the Illski district, and a royalty of 
two kopeks per pood on all petroleum raised (equal to is. per 100 gallons). 

As soon as the well commences to flow, an iron cap, with a gate valve, i, 
attached to the casing. Messrs. Nobel Brothers’ well, No. 32, finished with 
8-inch casing in June 1886, required four gate valves to stop the flow, and 
while the oil was being pumped away through three pipes of the respective 
diameters of 3 inches, 4 inches, and 6 inches, the natural pressure exerted 
by the oil in the well was so great that the cap was blown away, together with 
the valves and the strong timbers, the well then discharging mud, stones, and 
oil for fifteen days, when the flow ceased. It was estimated that the well 
ejected during this period about 100,000 barrels of oil, and the cessation 
was attributed to the collapse of the casing at the bottom of the well. The 
celebrated Droojba well spouted with such violenco that for four months 
the outflow was uncontrollable, all attempts to affix a cap being fruitless. 
The height of the fountain ranged from 100 to 300 feet, and the surround¬ 
ing country was deluged with the oil. Moreover, the neighbouring engine- 
houses and workshops were partially buried in the sand ejected with the oil, 
and many claims were diode for the damage thus done. The estimates of 
the quantity of oil lost ranged from 68,000,000 to 136,000,000 gallons. 
Mr. Marvin states that the Droojba well spouted for 115 days before it was 
capped, yielding 3400 tons a day for 43 days, 1600 tons a day for 31 days, 
900 tons a day for 30 days, and 6ocrtons a day for 11 days. The Markoff 
well, not far from the Droojba, spouted in 1887 oil and sand to a height of 
400 feet, and on a windy day the oil spray was carried to a distance of eight 
miles. In the previous year, a well drilled by Tagieff ejected for a time 
11,000 tons a day. According to Mr. Chambers, the liming Company’s 
well, completed in August 1887, ft' a depth of 790 feet, flowed the full size of 
the casing (12 inches), to a height of 200 feet above the derrick,for 69 days. 
The lowest estimate of the production for the 69 days wa& 3,000,000 barrels, 
and of this abou( one-third was lost, tpe capacity of the available tanks being 
insufficient. So touch sand was thrown up with the oil that some buildings 
about 15 feet in height within 100 yards of the well were buried out of 
sight, and over an area of probably ten acres round the well the ground was 
covered with sand to a depth of from one to fifteen feet. The production 
of this well, after 69 days, declined to 200 or 300 barrels a day, and the 
efforts to increase it were unsuccessful. When visiting. Baku in 1884, the 
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■writer saw one of Nobfjl’s capped wells flowing. As soon as the valve was 
opened, the stream of oil rose to a height of about 100 feet, and this mighty 
fountain continued to play with a loud roaring sound, farming a small lake 
of oil in the neighbourhood of the derrick, until the valve was again 
closed. * 

Vasilieff puts the average yield of the wells in active work in 1885 at 
32 tons per Veil per ‘day.’ .Owing to the low price of crude oil which has pre¬ 
vailed (two kopeks per pood, or about 2 s. 6 d. per ton delivered at the 
refinery) it has been customary sto keep the flowifig wells in reserve, for 
there does not appear to be in the Baku district the same necessity that 
there is'Pennsylvania to raise the oil to the surface in order to prevent 
neighboring wells from taking it. • 

When the wells do not-spout, the oil is raised in cylinders resembling the 
sand-pump already described, the presence of sand in the oil, sometimes to 
the extent of 30 or even. 40 per cent., rendering it impossible to use a 
pump such as is employed in the United States. The cylinder holds 
commonly about 45 gallons, and it is stated that with one such appliance 
frgm 18,000 to 20,000 gallons can be raised in a working ejay of ten hours. 

As far as the writer is aware, the tqypedo is never used in the Russian 
welfs, * 

***, The ordinary duration of production of the wells appears to range from 
two to nine years. The Kormilitza, or “Wet-nurse" well, gave for twelve 
years 32,000 gallons a day, while Meerzoeff’s No. 5 well yielded 40,000 gallons 
a day for six years. 

The crude oil, having been allowed to deposit the sand and water held in 
suspension, is conveyed to the Baku refineries principally through pipe-lines, 
though a certain quantity is carried by rail in tauk-c n rs. Up to 1875, the 
oil was transported in casks by cart, as much as 0,000 per annum being 
paid for the carriage. The first pipe-line was constructed by Messrs. Nobel 
Brothers, and there are now no leis than twenty-two lines from the wells to 
the refineries, eight or nine miles distant. fThe internal diameter of some 
of the lines is as moijh as 8 inches. # 

XVI. The Production, Transportation, and Storage of Crude . 

Petroleum in Canada. 

In the Canadian oil-fields, the drilling contractor usually employs 
his own derrick, engine, boiler and tools, furnishes wood and water, cases 
the well and fixes the pump > the well-owner providing the casing and pump, 
ami subsequently greeting the permanent 'derrick. The wells in the Oil 
Springs field wore formerly from 2014 tq 300 feet deep, but theqnetroliferous 
formation at this depth became water-logged, and the wells, which were 
subsequently sunk to a depth of about 375 feet, were cased to a depth of 
about 275 feet to shut off the water. The contract price for drilling a 4§-inch 
hole to a depth t>f about 375 feet under the conditions mentioned, wag 
$150, and the time occupied in the drilling was usually about a week, the 
work being continued day and night. In <he PetrolUi field, the wells have 
a depth of about % 0 >o feet, the contract price, including the cost of 100 feet 
of wooden conductor, being $175, and*the time required for the execution 
of the work being from six to twelve dhys. The drilling i» done with pole 
tools, the poles being of white ash and 37 feet in length.* The derrick is 
about 48 feet in height. An auger some four feet in length and about a 
foot in diameter, is used to bore through the earth to the bed rock, the 
rotating.of the auger being effected by horse-power. The drilling tools 

• A full descriptioneof the Improved Canadian rig and drilling tools employed in Galicia 
will be found in the next sub-section (p. 175 et wq.). 
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commonly consist of a bit, two and a half feet in lefcgth by four and five- 
eighths of an inch ip diameter, weighing about 6ot lbs., a sinker-bar, into 
which the bit is screwed, 30 feet in length by three inches in* diameter, 
weighing about 1040 lbs., and the jars, inserted between the sinker-bar 
and the poles, about six feet in length and weighing 1^0 lbs. The tools 
are suspended by a chain which passes three times round the “ spring-pole ” 
at the end of the walking-beam, and thence to a windlass with ralchet-wheol, 
termed the “ slipper-out,” fixed on the walking-beam. The object of the 
“spring-polo,” which may be regarded a supolementary part of the 
walking-beam, is, as its name indicates, to provide a certain amount of 
elasticity, and the “ slipper-out ” furnishes the means of gradually lowering 
the tools as the drilling progresses. The cable is thus only employed in 
raising the tools from the well and lowering them into it. The saCd-pump 
is frequently as much as 37 feet in length and is about four inches in 
diameter. The wells are torpedoed on completion with from eight to ten 
quarts of nitroglycerine, at a cost of a dollar per quart. The casing (4 § inches 
diameter) costs about 45 cents per foot, and the 1 J-incji pump with piping 
costs from $65 to $85, according to the length of pipe required. An 
ordinary square'frame derrick costs with mud-sill from $22 to $27, and the 
walking-beam about §8. A three-pole derrick, which is commonly used 
when the drilling derrick, which is portable, has been removed, can be erected,, 
at an expense of $10. A 100-harrel wooden tank costs, erected, $50. 

The maximum yield per well is ten barrels per day, aud the minimum 
yield for which *ifc is considered profitable to pump is a quarter of a barrel. 
The yield being in some easo.s so small, it is usual to pump a number of 
wells through the agency of one engine, the various pumps being connected 
with the motor by means of wooden rods. In one instance, the writer saw 
no less than 80 wells being thus pumped from one centre. The motive 
power was a 70 L.p. engine which communicated motion, similar to that 
of the balance-wheel of a watch, to ,a large horizontal wheel. From this 
wheel, six main rod-lines radiated. The length of stroke of the main lines 
was 16 inches, and the rate of movement 32 strokes per minute. Some of 
the wells being pumped from this centre, were frolh one-half to three- 
quarters of a mile distant, aud altogether about -eight miles of rods were 
employed in th® pumping of the 80 wells. 

The pipe-line system in Canada has not been fully developed, and 
accordingly, in many, instances, the well-owner has to convey his oil by 
road to the nearest Receiving station. For the conveyance of the oil by 
road, a long and slightly conical wooden tank or barrel, resting horizontally 
on a waggon, is employed. These vessels hold from eight to ten barrels of 
oil. The E«trolia Crude Oil and Tanking Company is the principal trans¬ 
porting and storing company. XhtS storage charge is one cent per barrel 
per month, and the delivery charge two cents per barrel. 

The storage takes place for the’ most part in large underground tanks 
excavated in the clay. These remarkable tanks aro often .as much as 30 feet 
in diameter by 60 feet in depth, and hold from 5000 to 8000 barrels. In 
the construction of these tanks, toe alluvial soil, of which there are about 18 
or 20 feet -above the clay, is curbed with wood and well puddled with clay. 
On the completion of the excavation the whole walls from bottom to top are 
then lined with wood (rough pine rings) so that the upper part down to the 
solid clay is doubly lined. The bottom is not treated in any way. The 
roof of the tank is "of wood, covered with clay. The cost of such a tank is 
about 22 cents per barrel ($1760 tor an 8000-barrel tank), and the time 
occupied in making it is about six weeks. 
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XVII.—The Production of Crude Petroleum end Ozokerite 

in Galicia. * 

* * 

In the first instance, the drilling of petroleum wells in Galicia was effected 
y means of the hand-rig described in Sub-section XII. (see Fig. 76, p. 138), 
u t about the year 1867 the substitution of steam power for manual labour 
ras commented, the tise bf *the “ free-fall ” jars being retained. The driller 
vas thus enabled to use far heavier tools, the weight of the falling portion 
■anging from 800 to 10140 .kilogrammes, and the wbrk was rendered more 
ixpeditious, the writer having seen as many as forty blows of the bit 
lelivered each minjite. The free-fall jars are shown in Fig. 98 (p. 176), 

P }“. Whilst, however, the substitution of steam power for manual labour 
n drilling with free-fall jars was an important step in the progress of the 
industry, a still more important advance was made'when the Canadian 
<ystem was. introduced ip 1882; but even that system was found to 
require modification in certain details in order to adapt it to the special, 
circumstances of tha case, the character .and disposition of the strata 
rendering drilling far more difficult as a rule in Galicia, than it is in 
Canada. The derrick and “ transmission,” as well as the principal tools, 
emplbyed in the Galician modification of" the Canadian system are shown in 
Jig. 98. The derrick is 17.7 metre , in height, 5 metres square at the 
base, and 1 metre square at the summit. It is boarded on the outside. 
The working beam, A, is of timber. The end of this beam which is over the 
well, is cased with a spirally grooved cylinder of iron, B, caft-ying the chain 
supporting the drilling tools. The chain is coiled several times round the 
cylinder, and then passes to the “ slipper-out," G, a ..mail winch, with 
ratchet, fixed on the beam. The working beam is caused to oscillate, so 
that each end has a vertical movement of about a foot, by means of the 
crank, D, and the connecting rod, E. The motive power is a horizontal high- 
pressure engine, F, of about 15 h.p., specially designed for the work. Steam 
is supplied from a boiler of the locomotive .type. It will be seen from the 
illustration, Fig. 98, that the driller in the derrick can start, stop or reverse 
the engine, having cohtrol of the throttle-valve in the steam-pipe, through 
the medium of the “ telegraph ’’ or endless cord, F', and of the reversing . 
link, by means of the cord, F", attached to the foot-lever, F“. The engine 
also, by means of a belt, drivas the windlass, G, for drawing up the tools. 
This belt runs loose when drilling is in progress, i*nd is tightened by the 
application of a roller, II. A smaller windlass or winch for use with the 
sand-pump is sometimes employed, and is similarly driven. The larger 
windlass is provided with a brake, /, which is applied when the tools are 
being lowered into'the well. The slipper-out, the roller for tightening the 
belt, and the brake are also all under thg control of the driller in the 
derrick, the roller and brake being respectively applied by means of the 
levers K and L, and the ratchet of the slipper-out being released by pulling 
the chain, U. A manilla hemp cable, N, is usually employed in raising the 
tools, but in many cases recently a wire rope has been adopted, and is found 
to be far more durable. * * 

The jars, 0 0 ',»os will be seen, differ essentially from the ffee-fall jars, 

P P'. There is no arrangement for docking them when telescoped, and 
indeed the functions of the two arrangements are quite idissimilar. In 
drilling with the Canadian jars? the whole string of tool% Q, with the rods 
to which they are attached, descends, the blow being then struck, and the 
jars, R, partially closing; qs the rods rife, the jars'at once fully open before 
the bit, S, is lifted, and the impact of the two links of the jars on this 
upward stroke is of service in dislodging the bit if it has become wedged in 
the rock. As the dfiilling progresses, the driller slightly turns the tools, so 
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that the chisel-shaped bit, S, is caused to make a round hole. The tools are 
attached to the beam, or rather to the short chain already mentioned, by 
means of rods. These are of wood (ash), 2 inches in diameter and 16 feet 0 
in length. They are connected by means of conical screw joints, T T, 
attached to the rods by iron straps, V XT. The guide, W, is an important 



adjunct to the ordinary Canadian tools, which has been found necessary in 
Galicia, in order to preserve the vertical course of the well. It consists, as will 
be seen, of four wings, radiating from a common centre, and is inserted in the 
string of tools above the bit. During the progress of the drilling, the well is 
“Cased,”-or lined with iron tubing. A portion of this casing serves to 
exclude water from the well, but below the water-bearing rocks the casing 
is riecessary to hold up the rock and prevent “ caving.” The difficulties met 
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with in drilling in Galicia are chiefly due to the dislocated character of the 
strata, and the alternations of hard and soft beds. £n some places the 
strata are disposed nearly vertically, and it will readily be understood that 
in drilling through soft and friable rock into hard rock at such an angle, the 
tools are very liable to be deflected, and caving is also very likely to take 
place. The guides are of "great value in keeping the hole straight, and 
caving has to be prevented by following the bit closely with the casing. 
Whet'6 the drilling is, in' consequence of caving, exceptionally difficult, 
“ under-reaming ” has to\be, resorted to. This corfsists in the use of an 
expanding reamer, Fig. 99, by means of which the well may be dialled of a 
size slightly greater than the external diameter of the 
casing. The instrument is provided with a pair of 
pivoted uflngs, or dogs, a a, .which are forced outwards 
into the position shown in B, by the pressure of tf 
powerful hejjcal spring (enclosed in the tubular rod), 
exerted through the medium of the sliding collar, b. 

When the und^r-reaner is to be inserted in,the casing, 
the sliding collar is raised, as shown in A, and retained 
in tliat position by small wedges, c c. The wings, or 
dogs,’then lie flat against the rod, as shown in A .• A 
igw strokes of the tools dislodge the wedges, the dogs 
at once spring out into the positions shown in B, and 
the well is “reamed” to a diameter admitting of the 
descent of the casing. 

The Canadian system of drilling has almost entirely 
superseded the free-fall system in Galicia. It is unde¬ 
niably more rapid, apd, as it is carried out with far lesf 
concussion, the risk of caving is reduced. The rate a. 
which the blows of the chisel are delivered with Canadian 
tools varies with the character of, the ground; some¬ 
times as many as 70 strokes a minute may,be given, 
but the number usually ranges between 40 and 00. 

It is usual to case the upper part of the well 
with what is known as riveted casing? This consists 
of tubing made of sheet-iron, with riveted seams, 
and is not water-tight. To shut oft' the water, artesian casing, con¬ 
sisting of wrought-iron lap-welded tubing, with screwed joints, is em¬ 
ployed. The easing is added in successive lengths during the drilling of 
the well, until it cannot be forced down any lower. The diameter of the 
Weltis then reduced, and a smaller casing used. In this way, a completed 
well may have several “ strings " of > casing in it, each reaching to the 
surface. It is, however, a eomiuon practice (jp remove some of the artesian 
casing on the completion of the well, taking care to leave that which shuts 
off the water, but the riveted casing is not withdrawn. In many instances 
it is found advantageous to use perforated casing below the horizon .of the 
water-bearing rocks, as this, while preventing caving, allows oil to percolate 
into the well. Some wells are completes with rivtted casing of small 
diameter, extending .from the bottom of the bore-hole to the lotver end of 
the string of smallest sized artesian casing. The following particulars of 
the casing of a well, inspected by th& writer, may make> the foregoing 
description clearer: * , 

* A. 33 feet of 13 inches riveted. 

B. 654 feet of 11 inches artesian. * 

C. 1244'feet of 8J inches artesian. 

D. 213 feet of 6J inches urtesiap. 

E. 433 feet of 4I Inches artesian. 

F. 236 feet of 4 inches artesian, perforated. 

G. 754 feet of 34 inches riveted, perforated. 
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The water was shut off with the 8 J-inch casing, and the 6|-ineh was 
withdrawn on the .completion of the well. Of the foregoing strings of 
casing, A, B, C, D and E extended to the top of the well, while F lined the 
well from the bottom of E for 236 feet, and G completed the lining from 
the bottom of F for the remaining 75J- feet 

The rate of drilling in the Ustrzyki district commonly ranges from 12 
to 18 up to as much as 50 or 60 feet in twelve hours, according to the hard¬ 
ness of the strata. Not infrequently considerable delay is caused by the 
breakage of the tools or 'rods, and some of the resuming “ fishing ” operations 
demand much skill and patience. 

The following is the approximate cost in Central Galicia of an outfit for 
drilling by the Canadian system : 


Derrick and transmission. £90 

Engine and boiler, 15 h.p.250 

Drilling and other tools and puuip . . 410 

Poles and belting.200 to 250 

Casing.360 to 5ro 


^1500 

The drilling is frequently done by contract at 8s. a foot, the contractor 
finding labour inside the derrick (a wrench man, a scaffold man, and a third 
man for odd jobs), while the well-owner provides a smith, a machinist, and 
a helper, in addition to fuel for the toiler and oil for lubrication and lighting. 
Labour is cheap, and the natives have exhibited considerable aptitude in 
acquiring the art of drilling; but owing to the number of church holidays it 
is desirable to adopt labour-saving mechanical appliances as far as possible. 
In most parts of the oil-fields, fuel and water are abundant. 

The Canadian system of drilling with poles has hitherto been found well 
suited for use in Galicia, and those wl>.o are accustomed to employ it contend 
that without poles it would be very difficult, if not impossible, to drill in 
some localities in that country. A serious loss of time is, however, neces¬ 
sarily involved in disconnecting and re-connecting the poles each time that 
the tools have to be, drawn up when,any great depth has been reached, and 
if an oil-bearibg formation lying considerably lower should be found in 
Galicia, attempts will doubtless be made to substitute the cable for the 
poles. r 

The diamond-boring system has been tried in Galicia, but does not 
appear to have given good results. The writer saw an uncompleted well in 
the SIoboda-Rungurska district which had been in process of drilling for 
over a year and had only reaehed a depth of 220 metres. In a paper read 
before the Civil and Mechanical Engineers’ Society in 1889, Mr. R. Nelson 
Boyd gave some details of the drilling of a well at Polana by the Aqueous 
Diamond-Boring Company. The power was supplied by a 12 h.p. engine, 
and the crown was driven at the rate of 120 revolutions a minute. The 
quantity of water forced into the hole under a pressure of i j atmosphere 
was j.52 cubic metre an hour. * This was, however, in excess of the neces¬ 
sary quantity, and about one-third of a cubic metre an hour was lost. 
About 75 per cent, of the water requisite may be saved, so that the actual 
consumption would be about half a cubic metre an hour. At a depth of 
200 metres the drawing of the rods, the removal of the core, and the lower¬ 
ing of the crown again, occupied two hours, and this had to he done for 
every ten feet of boring; In shale, as much as 2.7 metres were bored in §n 
hour, and in sandstone 0.828 metre. Mr. Boyd considers that the results 
obtained in this well were of a favourable character, but he points out that 
the inclination of the strata constitutes a great impediment to the use of 
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the diamond drill in Galicia, as the upper part of the stratum perforated is 
liable to slide on a joint and jam the core. , 

The depth,of the wells in the Ustrzyki district is usually from 220 to 
250 metres, the first indications of oil being met with at a depth of 30 
metres, the first ojj horizon being perforated at 120 metres (the well then 
yielding from three-quarters of a barrel to one barrel a day), and the second oil 
horizon at t 6 o to 22'o nietfes. It is believed that a third and probably more 
productive oil horizon may exist at a greater depth in this district, but the 
wells are not drilled belovfcthe sewpd, when they usually yiajd about 20 barrels 
of oil per diem, but sometimes much more. In the Sloboda-Rungurska 
district the depth qf the wells commonly ranges from 215 to 330 metres, but 
in some instances exceeds 400 metres. The writer was informed that the 
average time occupied in the drilling of a well in this district is three 
months, but he saw a well there, stated to be flowing at the rate of 70 to 80 
barrels a di^y, which was drilled to a depth of 220 metres, with a diameter 
of 6 inches at the bottom, in 18 days. About 25 per cent, of the wella 
drilled in thi^ district have been unproductive, and the yield of the re¬ 
mainder appears to have varied considerably. Many of the wells flow at first, 
and afterwards need pumping. One produced for a time as much as 300 
bar Ads per diem, and afterwards for a year an average of 200 barrels a day. 
.The smallest yield for which it is considered profitable to pump in this dis¬ 
trict is two barrels a day. In the Wietzno field, the writer saw a well out 
of which oil was flowing simultaneously from two horizons through the 
5-inch and 6-ineh casings respectively. The estimated yield'of this well was 
200 barrels a day. The depth of the wells in this field is about 250 metres. 

In the historic Bobrka field, there were at the time of the writer’s visit some 
30 wells being pumped, some of which had yielded smell quantities of oil for 
17 or 18 years, but the ordinary life of a drilled well ; n Galicia is perhaps 
<me-third of this period. The usual experience has been that, provided a 
distance of 20 metres intervenes, pnn well does not drain another. The 
deepest drilled well in the Bobrka field at the time of the writer’s visit had a 
depth of 409 metres, and a diameter of 6 inches at the bottom. 

The pumps used ill raising oil from those wells which do not flow are of 
small diameter (1 to i j inch) and are furnished with double or triple buckets 
with ball valves. The working barrel is placed at the bottohi of the well, 
and | -inch gas-piping is frequently used as a sucker-rod. To economise steam 
power a number of pumps are worked from one engiije through the medium 
of rods, the power being thus sometimes transmitted to a considerable 
distance. , 

. ^ oil is conveyed to the refineries partly in barrels by rgad, and partly 
in tank-waggons by rail. In some cases short pipe-lines have bqfip laid down 
from the wells to the railway to facilitate transportation. The railway 
rates for transport are moderate and the companies possess tank-waggons. 

The drilling leases in Galicia are commonly for a period of 25 years, the 
lessee making a cash payment for the lease, the amount depending upon the 
character of the territory; for this he obtains the usual rights of ingress and 
egress, the agricultural rights rem aining with the lesson The royalty payable 
by the lessee ranges .from 12 J per gent, to as much as 37J per cent, of the oil 
raised, and the lessee also pays a small rent for the land actually occupied 
by him. The system of land registration admits of drilling rights over oil- 
lands being intabulated in the land-books, and thus affords to the petroleum 
produoer pAfect security at a trifling cost. 

• In mining ozokerite, it is usual to sink a cireulai’well 3 metres in diameter 
through the upper beds of clay until the water level in -the gravel is reached. 
This well may have a depth of 14 to 16 metres.* In the centre of it, a shaft 
1.3 metre square is Built up of balks of timber jointed together, the inter- 
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veningspace being filled with clay. The digging and timbering of a shaft 
1.3 metre square is, then continued until further progress is arrested by 
water or inflammable gas. When this occurs, one of the veins ef ozokerite ' 
intersected by the shaft is opened up and followed by means of a timbered 
gallery. Immense pressure is exerted by the semi-fluid pzokerite, and it is 
usual to employ timbers nearly a third of a metre square placed about one 
metre apart. The horizontal galleries cannot without risk of accident tie 
driven further than about 5 metres. The sinkin'g of the circular well Wosts 
about 4 fl. the metfe,bubmthe dislocated bed# belpvj. where the ozokerite is met 
with, the cost of sinking is from 5 fl. to 10 fl. the metre run, without reckoning 
the cost of pumping out the water. The driving of the galleries is. paid for 
at the rate of 7.50 fl. to <),fl. per metre run. 

Over the mouth of the shaft is fixed a windlass carrying a wirb rope, to 
each end of which is'attached a bucket used in drawing up the ozokerite, 
or in lowering and raising the miners. The descent is made by placing 
one foot in the bucket and holding on to the rope, the other foot being used 
in fending the bucket off the siijes of the shaft. The joiner wears a safety- 
belt, to which is attached a rope passing over a smalle/'windlass. As 
inflammable gas is met with in the workings, safety-lamps are used; 'and 
air is forced into the galleries by A fan-blower, which is usually worked by 
a woman. Within easy reach of the miner is a cord communicating with a 
bell at the mouth of the shaft by means of which he can summon assistance ; 
but notwithstanding'the provision of the bell and the safety-belt, deaths 
from suffocation are not uncommon. The underground miners receive 0.75 fl. 
to 1.25 fl. per day, while the labourers employed above ground get about 
0.60 fl. It is stated that of the 10,000 work-people engaged in the industry in 
1871, 2000 were underground miners, and that among these there were 
usually from 200 to 300 accidents per annum, most of which were fatal. 
According to another authority, the “ admitted” annual death-rate due to 
accidents ranges from 7 to 15 per thousand (the rate in “ ordinary mining ” 
being given for comparison as 1.88 per thousand), but it was considered that 
the number of casualties was understated. There seems to be good reason 
to believe that notwithstanding the existence of a staff of officials specially 
charged with the duty of enforcing a code of • regulations, much of the 
underground <tork is carried on under unnecessarily dangerous conditions. 
The primitive manner in which ozokerite is mined is clearly shown in the 
illustrations, Figs. 109, ioj, which are taken from a model made in Galicia 
and presented to the,writer. 

Distributed over an area of 90 to 100 hectares are many thousand shafts 
ranging in depjh from 20 to 200 metres, but' the writer was informed, that 
not more fcba n 4°° °f these were being worked at the'time of his visit to 
Boryslaw. The shafts are in many chses not more than from 3 to 8 metres 
apart, and the available ground round eac)i shaft usually ranges from 9 to 60 
square metres. When it is considered that there are hundreds of separate 
proprietors, it will be understood that there is frequently, considerable confu¬ 
sion and great difficulty in getting rid of the earth excavated and raised 
with the ozokerite. .Recently, .however, arrangements have been made for 
the systematic removal of the dtibris. 

Attempts have been made to plqce the industry upon a more satisfactory 
basis, and a French oompany has*carried out the system of min ing the 
ozokerite by meanA of a main shaft, fitted with cages running in guides, and 
operated by a stedm-engine, as in coal-mining, the galleries beiitg ventilated 
by steam-driven centrifugal exhausters. The locality selected for the shtjft 
being, however, near Wolanka, which may be regarded as outside the zone of 
the most, productive territory, the system cannot be said to have "bad a fair 
trial. • 
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The ozokerite occurs'sometimes in sheets as thin as paper, but more often 
in veins from 2 or 3 inches to a foot in thickness, disposed in the most 

* « Fig. ioo. • 



Shod in which the above-ground work is carried on. In practice the sides arc 
boarded up, and a ventilator for the escape of the gas from the v ine is provided in the 
roof, as shown. 

a. Windlass for lowering and raising miners, and raising ozokerite. 

b. Windlass carrying rope attached to miner’s safety-belt. 
v. Rotary blower for ventilation. 

• d. Signal bell. « • 

e. Bucket in which the ozokerite is raised. 

/'. Hammer, chisel, and pick used in the $ork of mining. 

)l Blocks of cas 4 ozokerite. • 

h Proprietor of the mine keeping an account of the ozokerite raised. 

4. Miner, wearing safety-belt, and carrying safety-lamp, preparing to descend. 
h. Woman working blowing machine. * 


Fig. ioi. 



View of portion of shaft and gallery, showing mode of timbering. 

I Tube conveying air from blowing machine. 

m. Signal cord," • 

n. Miner at work. # t 

irregular manner. The miheral is broken out by hanjl with the pick and 
wedge, atfd this may be regarded as easy work owing to the .disturbed 
character of the strata in which it occurs. The water and oil with which 
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the ozokerite is associated are pumped up from the bottom of the shaft. For 
the working of eacjj shaft two mine vs, two labourers, and one woman are 
needed. • . * 

The Boryslaw ozokerite deposit extends over a pear-shaped area, the 
outer zone of which hue a length of 1500 metresand a breath of 560 metres, 
the dimensions of the inner zone being 1000 metres by 350 metres. The 
deposit narrows considerably as the depth increases.' » . 

An attempt has been made to estimate the quantity of ozokerite in "this 
deposit. The basis of the calculation is t|at thp territory constituting the 
outer zone contains 2 per cent, of the mineral, whilst the proportion in the 
inner zone is more than 5 per cent. Taking the stated dimensions of the 
zones, and assuming the extraction of the mineral to a maximum depth of 
200 metres, the quantity of ozokerite obtainable in this locality Would be 
more than two millioSi tons. 

Two products are obtained from the mines—viz., nearly pure ozokerite in 
fragments, and earth containing much ozokerite. The former is melted as 
it iH, while the latter is subjected to the following operations in consecutive 
order. 

1. Hand-picking or sorting. 

2. Washing with cold water. 

3. Washing with hot w'ater. 

4. < Treatment with benzine and steam. 

By hand-picking, all the larger fragments of ozokerite are sorted from 
the earthy matter; this work is performed at the pit’s mouth by women, 
who are provided with small mattocks, by means of which the separation 
of the matrix is effected. After this, the earth, which still contains from 
8 to i o per cent, of ozokerite, is thrown into tubs of watjer, and stirred with 
shovels. Under these circumstances, the liberated ozokerite rises to the 
surface, and is skimmed off with a sieve. The earth, still containing from 
4 to 5 per cent, of ozokerite, is then subjected to the action of boiling water, 
and the finer particles of the wax, aggregated by fusion, rise to the surface m 
the form of a black oily scum, which is removed fronji time to time. The 
fourth process, originally suggested by Tan Haecht, consists in exposing 
the earth wliicj>, aftor treatment with boiling watAr, still contains from 1 to 
1 1 per cent, of ozokerite, to the solvent action of benzine. By this means 
nearly the whole of the remaining wax is dissolved, and by steam distillation 
the benzine is recovered. The ozokerite thus extracted commands a higher 
price than that which is obtained by either of the three preceding 
processes. , 

The separated ozokerite is melted and cast into loaves or blocks of. *ho 
form of a truncated cone, and weighing about 50 or 60 kilos. 


CHAPTER IV. 

XVIII. The Refining of Petroleum in the United States. 

Some descriptions of crude petroleum of high viscosity are employed for 
lubricating purposes either in the state in which they come from the wells, 
when they are termed “ natural oils,” or after a certain proportion of their 
more volatile constituents has been removed by evaporation or distillation at 
a comparatively low temperature (vacuum stills being sometimes employed), 
when they are termed “ reduced oils.” These oils are sometimes purified by 
filtration through animal charcoal. Lubricating oils thus obtained are in 
some cases preferred to distilled products of similar density. 
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The bulk of the crudS petroleum produced in the United States is, how¬ 
ever, subjected to a process of fractional distillation, with the object of 
separating it into the following commercial products. , 

i! Naphtha or petroleum spirit of various grades. 

2. Burning oils. 

3. Lubricating oils. 

, 4. Paraffin 1 . . 

The first attempts to refine petroleum commercially in the United States 
were probably made in the year J854, when a still, having ji capacity of five 
barrels, was erected in Pittsburg, tor refining the small quantity of crude 
oil obtained in the neighbourhood; but the scarcity of the raw material 
prevented for some time any important development of the industry. Burn¬ 
ing and lubricating oils were subsequently made from bituminous coal in the 
United States in somewhat' considerable quantities, bat it was not until 
■iter the sinking of the Drake well, in 1859, that the distillation of petroleum 
on a large scSle was commenced. Up to the year 1862, the stills commonly , 


Fig. J02. * 



Longitudinal-vertical Section o{ Cylinder Still. 

• 

employed had a vertical cylindrical cast-iron body, a boiler-plate bottom and 
a cast-iron dome, with a goos#-neck bolted on. The capacity of these stills 
was^nbout twenty-five barrels, and the charge was distilled to dryness. At 
the present time the operation of petroleum distillation is divided into two 
distinct parts, which are commonly conducted at separate works. The first 
part consists in the separation of the cr^tde petroleum into naphtha and 
burning oil, which constitute the distillates; and residuum, which remains 
in the still. The second part consists in the distillation of the residuum 
with a view to obtaining the lubricating oilsand paraffin. In the distillation 
of the more volatile products, two forms 01 still are erfployed—namely, the 
horizontal cylindrical still, Figs. k> 2 and 103, and what is knoVn as the 
“cheese-box” still,Pigs. i04and 105. The former description of still consists 
of a cylinder of boiler-plate (the lower half of which is commonly of steel 
and the upper half of iron), about thirty feet in length by twelve and a half 
feet in diaw/feter, furnished with a dome, three feet jn diameter, from which 
passes a vapour-pipe fifteen inches in diameter. This still is set horizontally 
in a fumaqe, and the upper half is usually exposed to the air. The “ cheese- 
box ” still, whieh is now much less used than thef still already described, has a 
vertical cylindrical hotly, a dome-shaped top of iron boiler-plate, and a double- 
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curved bottom of steel-plate. It is thirty feet in' diameter by nine feet in 
height or depth, and is set in a furnace on a series of brick arches. The 
vapour passes from this form of still through three vertical pipes into a 1 
vapour-chest, from which extend forty parallel 3-inch pipfes. Wet steam 



Transverse-vertical Section of Cylinder Still. 

is usually introduced into the exit pipes, so that it may mingle with the 
vapour of the oil. The working charge of the cylindrical still is about 600 
barrels, and of the “ cheese-box ” still about double that quantity The 
condensers with which the stills are connected were at first copper worms, 


Fig. 104. 



Vertical Section of Cheese-box Still-setting. 

but now consist oi iron pipes, usually straight, passing through tanks of cold 
water. A modern condensing arrangement may be described «us consisting 
of a series of forty 3-*inch pipes'. In some cases, methods of fractional 
condensation designed to effect the more complete separation of the com¬ 
mercial products, are adopted. • 

















Perspective View. # 

The invention was described as u an # improved, method or process for 
Separating the various products contained in Crude Coal Oil or other oils, 
by a continuous successive distillation, in such mahner as that, on the 
operation being ont^e commenced and a fresh # supply of crude oil regularly 
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maintained, a simultaneous discharge of several Qualities of oils and of 
oth^r products by a simple process may be continued for an indefinite 
period of time, without any interruption, and without any cam or trouble 
of removing the products from one receptacle to another, or of clearing the 
distilling vessel of the residuum, the same being performed by regular 
transference of the unfinished material from one retort to another, and the 
final discharge of the last waste product from the last,retort in the appa¬ 
ratus without any mechanical aid whatever, the fluid discharging itself by 
the regular working of the apparatus.” The nature of the said invention 
was further described in the specification as consisting “ in separating from 
the crude oil the various products contained therein by volatilising it over 


Fio. 107. 



Side Elevation. 


the surface, or upon, as it were, a bath of the fluid having a higher specific 
gravity, and heated to a degree of temperature at which the fluid to be 
separated from the crude oil volatilises. When the more volatile products 
become thus evaporated, the crude oil attains a higher degree of specific 
gravity, and sinking down commingles wjth the fluid of the bath, and while 
flesh crude oil is slowly poijred in over the surface of the bath the 
unfinished material of the first bath passes gradually over upon another 
bath of the fluid having a still higher specific gravity dnd heated to a higher 
degree of temperature, and so on successively aifd continuously until the 
' separation of the various products is completed. 
The final residuum discharges itself then from the 
Ixjttom of the last retort.” The arrangement consists 
of three stills, A , B, C, placed side by side but heated 
by independent furnaces.. The three tubes, G, H, and 
/, one in the middle of each still, extend nearly fc^the 
bottom of the stills in each case, as “n Fig. 108. They 
are closed at the ‘bottom and are for the purpose of as¬ 
certaining {.hejtemperature of the oil in the stills. The 
crude oil is introduced into the upper part of the first 
still A, at one end, through the p ; pe A', and from 
the lowest part of the opposite end of this still a pipe I) 
passes into The end of the second still B, “at a point 
somewhat above the middle line of<the said retort”; 
similarly at the lowest point of the opposite end of the second still B, 
a pipe passes into the third still C, \vhich, in like manner, is also furnished 
with a pipe F, leading from the bottom at the end opposite to that at which 
the oil enters from the intermediate still. The products of distillation pass 
away through the vapour pipes H'L, and M, ^yhich are connected with 
suitable condensing apparatus. The inventors point out that t a greater 
number of retorts may be artanged on the same principle, if it is desired to 
increase the number of grades of product. In working with three stills, it 
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9 recommended that the temperatures of the contents of the 'first and 
;econd stills should be maintained at 170“ to 200° and about 300° respect- 
vely (presumably degrees F. are meant), while the third still is to be heated 
o incipient dull redness. 

In the use of thjs apparatus, the inventors direct that crude oil is to be 
lelivered into still A, through the pipe A', until the level of the oil reaches 
he point of discharge <of flhequpe D, into the retort B. The still A is then 
leatCtt to 17o°-20o\ so as'to vaporise the more volatile products, which 
>ass through the pipe 7 /\t<* the ^ondenser. When this volatilisation has 
>een effected, a further quantity of crude oil is slowly introduced through 
lie pipe A'. The,crude oil already in the still having had its specific 

;ravity raised by the elimination of its more “volatile constituents, the 
resh oil %ill float upon it*s surface and will there be subjected to a 
irocess of fractional distillation. As the level of the oil* in still A becomes 
\tised by the introduction, of fresh crude oil, the heavier oil will begin to 
low into still B, through the pipe D. Still B should then be heated • 


Fig. 109. ’ 



Horizontal Section. 


;o a^ft 300°, and from it a product of higher boiling peint than that 
ihtamed from still A will pass away, tlpropgh the pipe L , to th£*>ndenser. 
When still B has thus become filled so that a .portion of its contents is flow¬ 
ing into still C, the latter should be heated to incipient redness, and products 
if higher boiling point than those yielded by still B will, in like manner, pass 
hrough the pipe M *to the condenser. When still 0 has become filled to a 
sufficient height the discharge of the residvyjm, through the pipe F, will 
commence, and the whole process will thereafter be continuous, as long as 
the supply of fresh eiude oil to stilkd is maintained, and the stills are kept 
it the requisite temperatures. • 

In 1867, a patent was granted in the* United States to A. H. Tait and 
Joseph W. Avis, of New York, for “ Improvements in Apparatus for Dis¬ 
tilling PetrolSum, <fec.,” Figs. 109,11 o, and 1,11, in the specification of which the 
ipparatus was described as consisting “ mainly of a still divided by one or 
more partitions into two or more compartments, which communicate with 
sach other at the top by suitable openings for th# vapours, and at the bottoh 
by openings for the liquid.” The openings at the top are provided with 
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gates or cocks “ to shut off the communication and‘divide the light from the 
heavy vapours so as to pass each oil into its appropriate condenser.” The 
compartments nexf to the fire are also provided with gates or valves to the 
openings at the bottom, so that on closing these the compartments may be 

Fig. no. 


t ’ i 



Vertical Section. 


cleaned out without emptying the entire still. The crude oil is admitted to 
the compartment farthest from the fire, and the compartment nearest to the 
fire is connected by a pipe with coking retorts in which the refuse or 
“ heavier parts of the oil are subjected to a final distinction.” 

Fig. life 



Cross Section. 


A represents the still, divided by partitions a, into compartments b, b 1 , 
V, 6", i*, ?A The crude oil is admitted from the supply tank B, into the 
first compartment b, which is farthest from the fireplace, and it passes from 
this compartment to the succeeding compartments through apertures c, in 
the lower parts of the partitions a, the apertures being so situated that the 
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oil is compelled to run through the still in a zigzag course. In the upper 
parts of the partitions a, are openings d, for the passage of the vapour, and 
•these openings are provided with valves e, e\ operated by, the handles/,/*. 
From the compartments 6‘ and b'\ rise pipes g, y\ provided with stop-cocks 
h, h 1 , and each of tjiese pipes is connected with one of the condensers C or 
C l . If the valve e is closed^ the vapour from the first two compartments, 
b, b\ passes through the ^condenser C, and the vapour from the other com¬ 
partments through the condenser C l . But if the valve e is opened, and the 
valve e 1 closed, the vapoundrym the compartments, b,*b l , b\j>\ can be made 
to pass through either of the condensers by adjusting the stop-cocks h and 
A 1 . The apertures c, in the three last’ partitions a, are provided with gates 
. i, i\ operated by handles By closing tlie gate i, the liquid is pre¬ 

vented fr<*n passing into the, compartments, b", b‘, b\ which are nearest to 
the fire, and these compartments can be readily cleaned vfithout interrupting 
the operation of the remaining compartments. Similarly by closing the gate 
i\ the last two compartme’nts b‘, V“ can be cleaned, and if it is desired to 
clean the last compartjnent b l only, the gate if is closed. The compartment 
//' is brought in6) direct communication with the compartment b by means 
of a'pipe A, situated on the outside of the still. This pipe is provided with 
* Fig. 112. * 



Hill and Thnmm’s Snq. Section. 


stop-cocks l, l\ and is connected with the discharge-pipe in. ' The liquid 
from the first compartment can thus be run directly into the last compart¬ 
ment, and the specific gravity of the product obtained *from these compart- 
• ments, as well as from the remaining compartments,.can in this way be 
“ regulated and equalised.” Tlje compartment b r ‘ communicates, through a 
pipejf -evith the coking stills E, E l , which ifre provided with a separate 
furnace. The vapour from the coking stills passes to the conde*c»r F. 

In 1S70, Samuel A. Hill and Charles*F. Thumm, of Oil City, Pa., obtained 
a patent in the United States for “ Improvements in Apparatus for Distilling 
Hydrocarbon Oils,” Figs. 112 and 113, the invention being described as consist¬ 
ing in “ so constructing and arranging a series of stills with relation te each 
other that the oil will flow over the bottom of the stills in a thin and con¬ 
tinuous sheet, with a different degree of heaf applied to*the bottom of each 
still; and in so arranging the connections between the several stillk that the 
flow of oil through one or more of the stills may be cut off from the other 
stills in the same series." * • 


A and B are large separating dnd heating stills, used fqr the purpose of 
separating witer from the oil, distilling off the very^olatfie hydrocarbons, 
and heating the oil. A 1 is ayange of furnaces under the stills. A and B 
are supplied, with oil through pipes w, and are furnished 1 with vapour pipes 
*S which may be connected with condensers. Ndar the bottom of the stills 
A and B are two pipes, % and i, connected with the pipe g, which communicates 
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with the stills 0 , D, E and F, by means of pipes k, l, m and n. Thege pipes 
are provided with stop-cooks, as shown in the illustration. At the opposite 
end the stills C ard D, and E and F, are respectively connected by means of' 
the pipes o and p, which are placed close to the bottom. The stills C, I), E, 
and F, have vapour pipes, x, which may communicate with condensers. 

In carrying out the process of distillation with this apparatus, oil is first 
introduced into the stills A and B, and the water separated from it. After 
the oil has been heated to about 49° C. (120° F.); the valves 1,3 and 2, of the 
pipes h, <j and i, 'ire opened, and the oil is *hus, a}! owed to flow from the stills 
A and B over the bottom of still V, thence through the pipe 0 into still V, 
thence through the pipes l, g, and m, into still E, and_thence through the 
pipe p into still F, passing over the bottom of each still in a thin and con- 
tinuouB Bheet, and being subjected to a gradually increasing heat. c 

In 1870, a patent was granted in the United States to Samuel Van Sycles 
of Titusville, Pa., for a system of continuous distillation with “a series of 
stills in which the oil is maintained at a constant level by means of a tank, 
in which a float on the surface,, of the oil as it rises„or falls automatically 
controls the flow of the oil.” According to the late Mr. Benjamin J. Crew,* 
an apparatus constructed on this principle was put in operation in Buffalo, 
and the products actually placed on the market. The same writer describes 
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a distillatory arrangement designed by Mr. James Cole, Jun., of Cleveland, 
Ohio, which may be broadly designated as a combination of continuous 
distillation and fractional condensation in a series of connected stills and 
condensers maintained at carefully graduated temperatures. 

Although, as already stated, the principle of continuous distillation has 
not, so far at any rate, found favour in the United States, notwithstanding 
that a large number of patents, in addition to those mentioned, have been 
granted for various systems of applying it, the arrangements described are 
of more than historical interest, since the principle has long been practically 
applied with, great success in the distillation of Russian petroleum, and 
Scotch shale oil.t 

The crude petroleum,'on reaching the refinery through the pipes of the 
transportation company, or in tank railway waggons, is placed in storage 
tanks, whence it is pumped or run by gravitation info the stills. A fire 
having been lighted in the furnace beneath the still, the temperature of the 
oil is raised slowly, and the more volatile hydrocarbons, constituting the 
crude naphtha, ale distilled off, the distillate being sometimes collected in two 
fractions. When the density of the distillate flowing from the condensers has 
increased to about 62* B. (sp.gr. .729) the stream is diverted from*the 

‘ • “ A .Practical Treatise on Petroleum.” Philadelphia, 1887. 
t The apparatus employed in Russia and Scotland respectively will be described in suc¬ 
ceeding chapters. 
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naphtha tank into the kerosene tank, if the refiner is making an oil of 110° 
or 120 0 fire-test. If, on the other hand, he desires to obtain an oil of 150° 
* fire-test, the collection of the kerosene is not commenced until the density 
has risen to about 56° B. (sp. gr. .753). In the former case that portion of 
the naphtha distil]ed which has a density between 70" B. (sp. gr. .700) and 
02” B. is frequently collected separately, and the more volatile portion being 
' subsequently* removed ftom this fraction in a still by steam heat, there 
remains an oil which is added to the kerosene. In the latter case the 
portion of the distillate singing in density between 62° fi. and 56° B. is 
reserved to add to lower-test oil. * The distillation of the kerosene is then 
usually continued until, in the case of the ordinary oil, the specific gravity 
. of the whole product is slightly over .800, or in the case of the higher-test 
or water-white oil until the specific gravity of the product is about .790. 
In the distillation of the ordinary oil, it is now the practice to reduce the 
heat of the furnace when about two-thirds of the contents of the still have 
been volatilised, with the o'bjeet of facilitating the process of “cracking,” the 
time occupied in thq, distillation of the nqphtha and ordinary oil being 
usually thus extended to three or even four days, with stil)g of the dimen¬ 
sions given. The percentage of naphtha and kerosene varies with the 
character of the crude oil, but the average yield of crude naphtha is usually 
about 12 per cent., and of kerosene of no" fire-test about 75 per cent., in 
the case of the ordinary United States crude petroleum 

Of the higher-class kerosene, known as “ water-white” oil, from 12 to 20 
per cent, is obtained with a corresponding diminution in tlfe yield of the 
ordinary kerosene. The fluid residue in the still, known as residuum, 
amounts to about 6 per cent., and when this has been run off there 
remains in the still a quantity of coke, representing fr< m one to one and a 
half per cent, of the’charge of crude oil, which has to be removed by hand 
before the still is re-charged. The crude naphtha is re-distilled by steam heat 
in cylindrical stills holding 500 barrels or more, provided with suitable 
arrangements for efficient condensation, and is sometimes separated into the 
following commercial products: * 


i 

• 

Dennity 

llaunu*. 

Sp. Gr. 

Uco. 

• 

1. Ilhigolene or eymogene 

2. Gasolene .... 

3. Boulevard gas fluid 

4- Prime city naphtha (benzoline) 
5. gf> j«ine . 

90” 

88 ° to 86 “ 
76“ 

y3° to 68° 
62” 

.636 

.642 to .648 
.678 

.690 to .707 

.729 

(For surgical purposes 
} as a local anesthetic. 
’For air-gas machines. 

Wjr street naphtha lamps 
For sponge lamps, &c. 

J For oityloth and var- 
l nish making. 


I he percentage of these products vanes, but as a rule amounts to about 
25 per cent, of the first three collectively’; rather over 25 per cent, of the 
fourth, and about 40 per cent, of the fifth. Of rhigolene, the crude naphtha 
frequently yields bat 0.1 per cent., and of gasolene from one to three 
per ceut. # 

By some refiners the products are classified as follows: 


• 

• 

Densit 

Uaunn 

l j 

Sp. Or. 

1 

f r. Cymogeno . . . . 

2. Rhigolene .... 

[ 3. Gasolene. . . ‘ 

[4. C. Naphtha (benzine-naphtha) 

5. B. Naphtha. 

[6. A^Nuphtha (benzine) 

108° • 
94° to 92“ 
95" to 80" 
76 s to.7o" 
66" to 65 * 
59 ’ to 5 *° 

• 590 

.625 to .631 
.635 to .666 
.678 to. 700 
.714 tfl .718 . 
.741 to .745 
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Of these products, Mr. Alfred H. Allen (“ Commercial Organic Analysis," 
vol. ii.) states that cymogene consists chiefly of butane (C ( H 1S ), and is 
condensed by artificial pressure; rhigolene of pentane (C 5 H„) ,and isopen¬ 
tane: and gasolene of hexane (C e H Jt ) and isohexane. The less volatile 
products consist of heptane, octane, and the higher homologues of the paraffin 
series of hydrocarbons, with isoparaffins, olefines, and traces of the benzene 
series of hydrocarbons. The fraction having a, specific gravity of .685 to 
.690, is sometimes termed ligroin. The “benzin” of the United States 
Pharmacopoeia is the portion of the distillate fyom American petroleum 
having a specific'gravity between .670 aud .675, and boiling between 50° 
and 60° C. (122° and 140° F.). The “ petroleum-benzin ” of the German 
Pharmacopoeia consists of the colourless, non-fluorescent portions of petroleum 
having a specific gravity of .640 to .670, and distilling almost entirely 
between 55° and (131° and 167° F.). “Petroleum-naphtha" is required 

by the New York Produce Exchange to be water-white and sweet, and of 
density from 68° to 70° Baume (sp. gr. .707 to .690). 

The time occupied in working the charge is aboup 48 hours. Some of 
the naphtha products are treated with acid and alkali, in the manner here¬ 
after described in the case of the kerosene, with the object of deodorising 
them, one-half per cent, of acid‘ being usually found sufficient and the 
agitation being effected by a revolving paddle. 

Petroleum spirit is a very volatile and inflammable, colourless, mobile 
liquid, of characteristic and not unpleasant odour when properly refined. 
It is but veryslightly soluble in water, but dissolves in about six parts of 
rectified spirit. Most of the fixed oils, naphthalene, paraffin, & c., are freely 
soluble in it, and it mixes in all proportions with amylic alcohol, ether, 
chloroform, benzene, and oil of turpentine. Petroleum spirit is not a liquid 
of uniform chemical composition, and the specific gravity of its vapour varies 
accordingly, but .-nay roughly be said to be three or four times that of air. One 
volume of the liquid ordinarily gives:about 141 volumes of vapour at common 
temperatures, and one volume of vapour will render about 113 volumes of 
air inflammable, or about 35 Volumes of air strongly explosive. 

The aim of the refiner has always been to produce from the crude 
petroleum the largest yield of burning oil of satisfactory quality—that is to 
say, of an oil containing neither, on the one hand, enlarge a proportion of the 
lighter hydrocarbons that the flashing point or fire-test is below the required 
limit; nor, on the other hand, so much of the heavier hydrocarbons that the 
oil does not burn freely in the lamp. At fiist the distillation was so 
conducted as merely to effect a separation of the hydrocarbons existing in 
the crude petroleum, but for many years past the process termed “ cracking ’ 
has been largely adopted, and the yield of keroser/e has thereby''l>een 
greatly augmented, the intermediate hydrocarbpns of the crude oil, which 
have too little viscosity to admit of their advantageous use as lubricants, 
being broken up and converted into hydrocarbons of less density which may 
be allpwed to pass into the kerosene distillate without injury to the burning 
quality of the latter. The process of cracking is carried out by conducting 
the operation of disfcillatien so- slowly that the less volatile hydrocarbons 
become condensed in the upper part of the still, which,, as already stated, is 
exposed to the air, and falling back into the oil are heated to temperatures 
above their bqiling points, when the required dissociation occurs, the gaseous 
products evolved being utilised as fuel.* 

The kerosene'distillate obtained in the manner described .has an empy- 
reumatic odour and quickly becomes darkened in colour. With the object 
of removing these defects, it is treated with hbout 1 $ per cent, of oil of 
vitriol., The treatment is effected in cylindrical iron vessels (sometimes lead- 

* This subject is further dealt with iu g XXII p, 304. 
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lined), termed agitators, 40 feet or more in height, by 20 feet or more in 
diameter, and holding from 1200 to 1800 barrels of oil The distillate, 
which should not have a temperature much above 15.5* C. (60° F.), and 
should be perfectly free from water, having been pumped into the agitator, 
the acid, which is forced to the top of the tank by air-pressure, is showered 
into the oil through a perforated leaden pipe. A blast of air is then 
admitted at thg base of* the tank and the contents are actively agitated, the 
acid being thus brought thoroughly into contact jvitli the oil. Some 
refiners introduce first a vary small quantity of acid, agitato the oil for a 
short time and draw off the acid, which quickly subsides to the bottom of 
the agitator, thus effecting the removal of water held in suspension in the 
•oil. Abou£ half of the remaining acid is then added, agitation continued 
for 45 minutes, the acid being then allowed to settle for ®n hourand drawn 
off, and the final portion of the acid added. After a similar period of 
agitation and rest the acid is again drawn off, and water is allowed to flow 
down through the oil in fine streams issuing from a perforated pipe run¬ 
ning round the upper #lge of the tank. This •washing is continued for four 
or five hours, the water flowing off concurrently from the Ubttom of the 
agitator until the acid has been almost all removed. A final washing with 
water is then effected by closing the outlet at the bottom, and starting the 
air-blast, and this water having been drawn off, the oil is lastly agitated for 
about 30 minutes with 1 per cent of a solution of caustic soda (strength 
12“ B.). Occasionally the oil is subjected to another washing with water 
after the alkali treatment. The acid used in the process is frequently 
recovered and concentrated for further use. From the agitator the kero¬ 
sene is run into a shallow rectangular tank, provided with a steam or 
hot-water coil for raising the temperature in cold weathor. There any 
water present is deposited and the oil becomes bright. In connection with 
the settling tank is an arrangement for “ spraying.” This operation 
consists in forcing the oil in fine streams through small orifices in pipes 
placed above the tank, some of the more volatile hydrocarbons being 
eliminated and passing iijto the air, and the flashing-point of the oil, it too 
low, being raised to the required point. From the settling tanks the oil 
passes to tho barrelling or canning tanks. The burning oils chiefly manu¬ 
factured in the United States are of the following grades ■—Fire-test 
110° F., Abel-test 70° F.; Fire-test 120 F., Abel-test 73° F.; Fire-test 
150° F. The 150° fire-test oil is nominally “ water-white” (colourless), and 
The other oils range in colour from “ prime-white ” to •“ standard-white ” 
(straw colour to pale yellow), ffhe rules of t)ie New York Produce Ex¬ 
change require that refined petroleum shall be standard whitft or better, 
with a burning-test of 110° F. or uj#vards, and a specific gAtfty not 
below 44° Baumd, United States Dispensatory Standard (not above .811 
specific gravity). Until within the last fevV years, the greater part of the 
oil exported from the United States was of 110° fire-test, the United King¬ 
dom, however, taking 0 120° fire-test oil. Since the introduction of the Abel 
system of testing, a large proportion of the qjl has beeq manufactured of 
70° Abel-test for shipment to the Continent of Europe ; while fop use in 
this country, the oil ffimade of 73“ Abel-test. The water-white oil of 150* 
fire-test is considerably lower in density ^mn the ordinary oil, the specific 
gravity now usually ranging from ,782 to .786. Besides these grades, there 
is manufactured, to a comparatively small extent, a burning oil of 300' F. 
fire-test, and cfensity from ,825 to .830, which, under ,the name of Mineral 
SpeAn Oil, or Mineral Colza Oil, or Mineral Seal Oil, is employed in cases 
wherein the .use of a more readily ignitable oil might *be objectionable. 
This oil is stated to be preferably composed of the’distillate from the'crude" 
oil, ranging in density from 40° B. to 32' B. (sp.gr. .8235 to .8641), treated > 
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with sulphuric acid in the proportion of four ounces of acid to one gallon of 
oil, washed with solution of caustic soda, and then redistilled over soda lye<o 
Of such oil about r 10 per cent, may be obtained from the crude* petroleum. 

The residuum drawn from the kerosene still has a density of about 
19° B. (Bp. gr. .942). It is allowed to stand for several days, in order that 
the fine particles of coke may subside, and is frequently conveyed from the 
kerosene refinery to the lubricating oil refinery in bulk'' barges. f The 
distillation of the rpsiduum is effected in cylindrical stills (commonly 
constructed of steel) holding 260 barrek.' The'torm of condenser already 
described in connection with the distillation of kerosene is employed, but 
the water with which the pipes are surrounded is maintained at a tempera¬ 
ture high enough to prevent the solidification of the paraffin ( In some 
instances, air condensers, consisting of pipes eight or ten inches in diameter, 
rising slightly as they pass from the still, and provided with outlets at 
intervals, are employed. Superheated steam is passed into the stills during 
the distillation, the object being to prevent dissociation, as far as possible, 
during the volatilisation of the lubricating oils and solid prraffin, instead of 
promoting this action, as in the case of the distillation of the kerosene. 
The charge is distilled to dryness, the process occupying about 30 hours, 
and the coke which remains in the still usually amounts, with the loss in 
gas, to about 12 per cent, of the residuum. The first portion of the 
distillate, of a density of about 38° B. (sp, gr. .833) and amounting in some 
cases to as mjich as 20 or 25 per dent., is frequently reserved for redistilla¬ 
tion in admixture with crude oil. The remainder of the distillate is 
commonly collected in at least two fractions, the proportions and specific 
gravity of which depend upon the description of lubricating oil required. 
In many cases, the second fraction consists of an oil of.density 31° B. to 33” B. 
(sp. gr. .870 to .859) of which about 25 per cent, may be obtained, and the 
remainder of tne distillate will then consist of an oil of density about 22° B. 
to 24 0 B. (sp. gr. .921 to .909). The' second fraction may be either sub¬ 
divided by redistillation, or made into what is termed neutral oil (after 
separation of the paraffin by cooling), by filtration, through bone-black, to 
remove colour and odour, and exposure to the air in shallow tanks, with the 
object of diminishing the fluorescence. Neutral oil, which generally has a 
fire-test of 300° to 350° F., is employed in admixture with a fixed oil (to 
give it additional viscosity), as a lubricant for light machinery, such as 
spindles. The third fraction is the “ stock ” for engine oil, and when it is 
desired to produce' an oil suitable for heavy machinery, the percentage of 
this fraction is diminished (the yield of the second fraction being correspond¬ 
ingly increased) so as to produce an oil of density 21° B, or 20“ B. (sp: gr, .927 
to .933)'. The fire-test of the oil obtained, ranges from 177 0 0 . (350° F.) 
upwards. In oertain cases, the distillate is reduced by carefully distilling 
off, with the aid of superheated stehm, a portion of the more volatile hydro¬ 
carbons (after removal of the paraffin by cooling), the residue in the still 
being afterwards filtered through bone-black. Whatever be the proportions 
in which the lubriqatiag oil distillate is divided, the first stage in the prooess 
of refinipg consists in the treatment of the oil with from three to five per 
cent, of its volume of sulphuric acid, followed by the usual washing with 
water and caustic soda solution, tjie oil being maintained throughout at such 
a temperature as to prevent the paraffin from crystallising out. To obtain 
the solid hydrocarbons, the oil is then exposed to a low temperature. The 
cooling was formerly offected somewhat rapidly, but it has been found that 
slow cooling favours the formation of large crystals, and facilitates' the 
expression of the oil. It is therefore now the practice to operate upon a 
considerable bulk (as much as 3000 gallons) and to extend the chilling over' 
9 period of about 26 hours. The cooling is effected, in modern works, in a 
cellular tank, the oil cells alternating with pells through which a solution of 
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magnesium chloride, brought to a sufficiently low temperature by means of as 
ammonia refrigerating apparatus, circulates. The chilled,oil is removed in 
•a solid, or semi-solid mass, placed in strong canvas bags, tod subjected to 
cautiously applied hydraulio pressure, at a temperature of 4.5" 0 . (40° F.). To 
effect a further separation of oil, the press cakes are broken up, melted, and 
re-crystallised, and subjected 4 o a second pressure of about 200 lbs. per square 
’inch, at a temperature,of li°, 0 . ( 70° F.). The residuum yields thus about 
g percent, of paraffin “ scale,” or crude paraffin wax. The paraffin scale 
separated from oil of sp. gr.^995, has a melting point of*about#52°C. (125° F.) 
(American test), and that from oil of sp. gr. .885 a melting point of about 
47° C. (117° F.). The further purification of the paraffin is effected by 
crystallisation from petroleum spirit, and filtration through animal charcoal 
* (bone-blacl»), or by fractional fusion (the material, cast into thin slabs, being 
exposed to a temperature just sufficient to cause the mefting and draining 
out of the more fusible hydrocarbons), followed by the charcoal treatment. 

Paraffin dhiefly consists" of a mixture of hydrocarbons of the paraffin * 
series, C n H, n+J , together, doubtless, with olpfincs, the specific gravities, 
melting points, afid boiling points of the hydrocarbons of which it is composed, 
.varying within somewhat wide limits. When purified, paraffin is a white, 
or bluish-white, translucent, waxy solid of lamincwcrystalline structure, 
devoid of taste and smell, and character! ,ed by chemical indifference ( parmn 
ajjinis). The specific gravity of paraffin obtained from Fnited States petro¬ 
leum, is usually about .908 at 15.5" (60° F.), or about .750 at 100° 0 . 
(212° F). Beilby has shown that paraffin in solution has pfactically the 
same specific gravity as when in a state of fusion. At a temperature below 
its melting point it becomes plastic, a characteristic which is sometimes very 
inconvenient when the material is used in the form of cam’les, but this can be 
neutralised to some extent by the admixture of a small percentage of stearic 
acid. When two blocks of paraffin are struck together, a sharp metallic 
sound is omitted, especially if the melting point of the paraffin be high. 
Exposed f or some time, under slight pressure^ to a temperature above its 
melting point, paraffin undergoes a molecular change, and becomes 
transparent, but upon a change of tompeAture, or upon being struck, the 
translucent appearance returns. Paraffines freely soluble in petroleum, or 
shale oil and spirit, in ether, in benzene, and in essential oils. It’is sparingly 
soluble in hot absolute alcohol, but separates on cooling. It is insoluble in 
rectified spirit and in alcohol. When boiled with concqptrated nitric acid, 
jmratfin is oxidised with the formation of succinic and cerptic adds. Paraffin 
is also oxidised when heated with potassium permanganate, and sulphuric 
acid. At a high temperature, it Is slowly attacked by concentred sulphuric 
acid jachlorine also, when passed into melted paraffin, attacks it gradually. 
When heated with sulphur, paraffin is decomposed, sulphuretted hydrogen 
being evolved, and carbon deposited. * 

Paraffin is chiefly consumed as a candle material, but is also largely 
employed to communicate the required combustibility to wooden matches, 
and the writer has seen it applied in a thin coating over the heads of matches 
to render them waterproof. The use of paraffin for strengthening and 
waterproofing woollen fabrics was patented by Dr. Stenhouse. Paraffin is 
also employed for glazing frescoes anef paper, for saturating gypsum figures, 
and to impart gloss to starched linen. The paper cases of dynamgte cartridges 
are sometimes dipped in melted paraffin. It has also been recommended as 
a lining for beer barrels, and as a protective coating for *the labels and 
stoppers of bottles containing corrosive fluids. It forms the basis of a 
preservative liquid for stone,* is used in preserving eggs, and has been 
suggested to be similarly applied to meat, fruit, a:qd flowers. Paraffin bIbo . 
forms a good electrical jpsulator. An application of the material was some 
time ago suggested by Mr, Joly of Dublin, wl.o» found that two blocks of. 

• 
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the material, placed in juxtaposition in the sight-box of the Bunsen photo* 
meter, form an excellent substitute for the ordinary disc. The writer has „ 
used this disc-substitute and finds it capable of affording very good results. 
Paraffin is also used in making models for ship-building, in consequence of 
the facility with which the material is moulded. 

Towards the end of the distillation of the residuum, dense vapours issue. 
from the still, and readily condense into a bard resinous substunce of sp. gr. 
about 1.25, from which the hydrocarbons termed oarbozene, carbopetrocene, 
and thallene har e been obtained. ' * 

It has been already stated that.certain kinds of crude petroleum are 
employed as lubricants either in the state in which r ,they issue from the 
earth, or after they have been “ reduced ” by the removal of a portion of their . 
more volatile constituents. Such crude oils usually range in density from 
about 28° B. to 31“ or 32° B. (sp. gr. .886 to .870 or .864). The reduction 
is sometimes effected by simple exposure of the oil to the air pn the surface 
of water in shallow tanks; in other cases, by the action of steam heat in open 
vessels. Where, however, it is desired to obtain an oil of high viscosity (say 
an oil of density 26° B. (sp. gr. .897) and fire test 316° C. (6oo° F). or qver), 
the crude material is carefully deprived of the more volatile hydrocarbons in 
a still, the removal of Vhe vapour being assisted by the mechanical action of 
free steam. In this operation it is most important to prevent the cracking 
of the oil, as the “ body ” or viscosity of the product would be thereby re¬ 
duced, and in some cases vacuum stills have been employed. The “ cylinder 
oil ” thus obtained is allowed to stand for several days at a temperature of 
49° 0 . (120° F.) in order that particles of coke and other impurities may 
subside, and is sometimes partially decolorised by filtration through animal 
charcoal. 

The forego’ng is a general outline of the processes usually adopted in the 
manufacture ol lubricating oils and paraffin from crude petroleum in the 
United States, but it will be readily understood that the processes* are 
frequently necessarily modified to meet the special requirements of the 
refingr. The number of grades qf mineral lubricating oils in the market is 
very considerable, but the following are among those most largely manu¬ 
factured : £ale oils (sp. gr. .881,'.903 to .907)', Engine oil (sp. gr. .917 to 
.920), Dark machinery oils (Summer, winter and medium), Cylinder oils 
(Black and filtered). 

There remains y3t to be noticed one product of American petroleum, 
namely, vaseline, which may be described as an amorphous or comparatively 1 
uncrystalline semi-solid paraffin. This subjitance was first introduced into 
commerce by the Chesebrougli Manufacturing Company, and the pt ocess of 
manufacture adopted by the eaiqpany is stated to consist essentially in the 
removal by careful distillatiop, from selected crude petroleum, of the volatile 
hydrocarbons present, and the purification of the residue with animal char¬ 
coal. In order to reduce the temperature at which evaporation takes place, 
and 'diminish the tendency to dissociation, vacuum - stills are employed. 
The process of manufacture which yields the best product consists in the 
efficient filtration 6f the material through animal charcoal, and subsequent 
exposure' to superheated steam, but as very considerable quantities of animal 
charcoal are required for this piocess, some refiners first treat the raw 
material with sulphurio acid and ‘bichromate of potassium. It is, however, 
difficult if not impossible to effect the complete removal of the acid, and as 
the vaseline might thps be left in a condition in which it wodld be liable to 
cause irritation of the skin in use', it is better (o effect the purification by the 
use of charcoal only. , 

' Vaseline is usually a 'pale yellow or colourless, translucent, fluorescent, 
semi-solid substance. It should be free from taste and smell, and devoid of 
trystalline structure. Its melting point is commonly from 40“ C. (104° F.) 
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upwards, and its specific gravity at 100° C. (21s’ F.) is from 0.803 upward*. 
It probably consists, like paraffin wax, principally of a mixture of hydro- 

• carbons of tjie paraffin series, the iso-paraffins from 0 ,,!^ to C„H (S being, 
apparently, the most prominent constituents, but olefines are doubtless also 
present in a notable proportion. Vaseline is insoluble in water, but 
dissolves in boilinff alcohol, the material separating in flakes on oooling. 

' American vaseline di^solve^ freely in ether, chloroform, benzene, carbon 
bisulphide and oil of turpentine. 

The refining of petroleum in {he United States is*o a very large extent 
in the hands of the Standard'Oil Company, who have a considerable number 
of refineries, some of which are of grerft size. 

■* 

* • 

XIX. The Beflning of Petroleum in Russia. 

The refining of petroleum in Baku is conducted under various conditions, 
a portion of the trade being still in the hands of Tartars, who perform 
the operations,in a»most primitive and unsatisfactory manner, whilst 
the bulk of the business is carried on in large establishment# provided with 
the most modern appliances. The primitive refinery consists in many 
cases \>f 1 single ten-barrel still heated by petrdleum which is allowed 
to flow upon the hearth of the furnace and there burns with the 
production of much dense black smoke. Such a repnery is commonly 
destitute of any arrangements for the proper chemical treatment of the 
distillate, and the kerosene produced is of very inferior quality. At the 
great refinery of Messrs. Nobel Brothers (who were the first to erect at 
Baku a complete plant for the refining of the raw material on scientific 
principles) the distillation of the kerosene is effected on the continuous 
principle, the particular method of application which is adopted having been 
patented in Russia by Mr. Ludwig Nobel in 1882. The plant employed 
coiRists of a series of horizontal eyliiedrifcal stills, Fig, 114, usually arranged 
in groups of fourteen, through which the .crude petroleum, previously 
heated, is caused to flow. The stills afe heated to carefully regplated 
temperatures eorrespomling with the volatilising points of the products to 
be obtained from them. IA this manner* from the first still of the series, 
which is the least heated, the most volatile fraction is obtained, the boiling 
point and density of the products flowing from the successive condensers in¬ 
creasing with the temperatures to which the stills are<subjected, until from 

* the hast still of the series, which is the most highly heated, the densest frac¬ 
tion which can advantageously be included in the kerosene is collected. 
From this last still, the residuum, which in Russia bears the name of astatki ,* 
or that of mamt, flows into a storage, tijnk. The writer was Informed by 
the late Mr. Ludwig Nobel that the process of continuous distillation is 
peculiarly suited to the refining of Russia* petroleum, since the proportion 
of kerosene obtained is comparatively small, and the material flowing 
through the stills is thus not very greatly altered in character during the 
operation. The stills employed are 22 feet in length by 8 feet in diameter, 
and are heated with astatki blown into the furnace in a" finely divided state 
by steam, the combustion thus beihg rendered smokeless. In the Nobel 
refinery at the time of the writer’s visit in 1884, the products obtained from 
the kerosene stills were collected in t hreo fractions, termed«respectively— 
benzine (sp. gr. .754), gasolene (sp. gr. .787),t and kerosepe (sp.gr. .820 to 
.822 J). Of fhe most volatile product, about one pep cent, was obtained, of 

* Attain is the correct local name for the residuum, the term mantl being properly applied 
only to orude petroleum which lute lost its mure volatile coqptltuente by exposure to the air. 

t It is now agreed to aoply the more appropriate uamee of "light benzine" and “heavy 
benaine ” to these two products. 

t The speoifio gravity of the kerosene is now usually .B25. • 
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the next fraction about tiiree per cent., and of kerosene, at the time of the 
writer’s visit, about *7 per cent. Latterly, however, improvements in the 
method of instillation, coupled with a slight increase in the specific gravity 
of the product, have resulted in the yield of kerosene of fcood quality being 
in some instances increased to about 35 per cent. For the more volatile 
fractions there is bfit little demand, and much is burned to get rid of it. 
At the Nobe^ works, the-keroseue is treated in lead-lined agitators, holding 
about 57,000 gallons,‘with about 1J per cent, of sulphuric acid, the oil being 
afterwards washed with water, qnd with a solution of caustic soda, as in the 
United States, the agitation' being effected similarly by mtsans of a blast of 
air. At other refineries, the crude oil is found to yield 20 per cent, of 
kerosene of sp. gr. .815 and flashing point 30° 0 . (86° F.), and as much as 
38 per cent, of kerosene of sp. gr. .821 to .822 and flashing point 22" 0. 
(71.6° F.). The standard flashing point of Russian kerosene for export is 
;8" C. (82.4° F.) (Abel-Pensky test), and the colour 2J (2 = Superfine white, 
and 3 = Prinfe white). 

The capacity of the kerosene stills employed by many of the refiners is ' 
somewhat over*4ooo imperial gallons, and three or four charges are “ run ” 
in the 24 hours, the lubricating oils being distilled in smallef stills. 

The astatki or residuum which has a sp*. gr. of .903 and upwards is largely 
used as fuel, but is also to some extent manufactured into lubricating oils of 
various grades. At one of the largest lubricating oil refineries the distilla¬ 
tion of the residuum is conducted in horizontal cylindrical stills holding 
about 8000 kilos., the charge being worked off in 24 hours, apd the distilled 
products being partly fractionally separated in air condensers, and partly in 
water condensers. The stills are heated with astatki and the distillation is 
assisted by the use of superheated steam. The process is usually continued until 
the distilled product has a specific gravity of .915 to .9 20. but in some cases the 
operation is suspended when the distillate has a specific gravity of .912 and a 
further quantity of astatki is added to the residuum which remains in the still, 
it being found that a denser prodifct can thus be obtained. The distillate 
collected is then fractionated by another distillation, the first and second 
fractions, which are of the specific gravities of .865 and .875, being sold *s “ gas 
oil” and “ cloth oil ” respectively, as the^ are of too little viscosity to admit of 
their use as lubricants. The next fraction (sp. gr. .885 to .§95)"is sold as 
“spindle oil,” the following ( sp. gr. .895 to .910) as “machine oil," and the 
last (sp. gr. above .911) as “cylinder oil.” From the material which now 
remains in the still, a product, which is semi-solid at dbmmon temperatures, 
and in this respect resembles American vaseline, is obtained by adding the 
fractiop of .865 sp. gr. in the proportion of one part to three parts of the 
residue in the still, and carefully continuing the distillation with the aid of 
superheated steam. The purification, oS the lubricating oil distillates is 
sometimes effected by treating them with from 5 to 10 per cent, of sulphuric 
acid and afterwards with Blaked lime, the process being completed by a final 
distillation. In other cases, the oil is simply treated with acid, and.after¬ 
wards with dry potassium carbonate. At the Nofcfel works, the continuous 
process is also adopted in the distilling of lubricating oils, the stills, whichare 
22 feet in length and 10 feet in diameter, being arranged in groups of 9. The 
manufacture of paraffin scale is notcarried on in Baku, the crude petroleum 
containing but a very small percentage (about J of a per cent.) of this 
product, so that the lubricating.oils require no separation 6f solid hydro¬ 
carbons by exposure to a low temperature to fit them to resist extreme cold 
without solidification. According to thp late Ms. Nobel, Russian crude 
petroleum yields about 5 per cent, of cylinder oil besides upwards of 30 per 
cent, of other lubricating oils of less density, and one per cent, of vaseline, 
there remaining 14 $er cent, of material suitable for use as liquid’fuel, flhe 
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loss in the process being 10 per cent.* From Russian crude petroleum 
there is also obtained a heavy burning oil termed solar oil or pyronaphtha, 
which under the name of oleonaphtha, was first introduced ^ by Messrs, < 
Ragosine. Of suet oil, having a sp. gr. of .865 and a flashing point (closed 
test) of 96° 0. (205° F.) from 12 to 15 per cent, can be obtained from the 
crude material. The ltagosine Company manufacture the“following grades of 
lubricating oils :—“ Extra heavy cylinder oil ” (sp. gr. .920), “ Dark cylinder 
oil" (sp. gr. .918 to .920), “Cylinder and valve, oil’’\sp. gr. .912 to .915), 

“ Engine machinery oik’’ (sp. gr. .905 to .907) , 

Russian lubricating oils have at common temperatures considerably 
greater viscosity than American lubrieating oils of similar specific gravity, 
but suffer a greater diminution of viscosity when subjeeted to equal incre¬ 
ments of temperature. 

This is shown in«the following table :— " 


VISCOSITY.— Seconds nob go 0.0. 


Retvlte obtained with Redwood' e Standard Viscometer. 



I. Water. 6. Amerioan mineral oil, sp. gr. .885. 


• 2. Refined rape qjL 7- >• ” » . » -9*3- 

3. Sperm oil. ' 0. „ » » >1 ' 923 ' 

4. Neatsfoot,oil.' e 9. Russian » « » -9°9. 

5. Beef Tallow. 10. „ „ » V'S- 

11. Russian mineral oil, sp. gr. .884 (semi-solid at common temperatures). 


*• Mr. Chambers, XT.S. Consular Agent, 
ment of the results usually obtained : 

. Illuminating oil . 
Lubricating oii . 
6 olat*oil 1 . 

Aatatki f ‘ 
Waste. • . 


gave some time ago the following tabular state- 

... 30 per cent. 

. . . 20 per cent. 

’ . ^5 per cent. 

, , . rg per cent. 


too 
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REFINING OF PETROLEUM IN CANADA. 

* . * 

It will be noted that the specific gravity of Russian kerosene is con¬ 
siderably higher than that of American; the product, however, has a 
greater capacity for ascending the wick of the lamp by capillary attrac¬ 
tion,* and although in most lamps a flame as large and as white as that 
yielded by good jrdinary American kerosene, cannot be obtained from 
Russian kerosene, the size of the flame is, as a rule, better maintained 
throughout an extended* period of burning. 

The following classification of Russian petroleum products was adopted at 
the Petroleum Conference held set Baku in 1886:—• t 

1. Benzine, two sorts, nameljf:— 

(a) Light benzine, colourless, used lor manufacturing india-rubber goods, 
and distilled at a temperature not below 130° Centigrade, or 266° Fahren¬ 
heit. • 

(b) Heavy benzine, of a pale yellowish colour, yielding 10 per cent, 
refuse when distilled at a temperature as high as 150° Centigrade, or 302° 
Fahrenheit.* , 

2. Kerosene, specific gravity 0.830; two sorts:— 

(a) Safe, flashing point not less than 25 0 Centigrade,, or 77* Fanren- 

neit. t 

(b) Unsafe, flashing point below 25° Centigrade* or 77° Fahrenheit. 

3. Astralin, specific gravity 0.850, of a pale yellowish colour; flashing 
point less than 50° Centigrade, or 122" Fahrenheit. 

4. Solar oil, specific gravity above 0.850, but riot exceeding 0.880; 
flashing point not below 80° Centigrade, or 176° Fahrenheit; may be of 
very pale yellowish colour. 

5. Lubricating oils, specific gravity from 0.S80 and upwards. 

6. Crude oil, specific gravity from 0.850 to 0.880, flashing point below 
70° Centigrade, or 1*58° Fahrenheit. 

7. Mazut, or crude oil deprived of volatile light substances by exposure 

te air; specific gravity above 70° Centigrade or 158” Fahrenheit; and 
residue, locally called “astatki”; flashing point not below 140° Centigrade, 
or 284° Fahrenheit. ’ 

8. The different petroleum products in a solid state, asphalte, ozo- 

kerit, Ac. • » 

9. Ceresine, paraffin, vaseline. • 

io. The different greases, varnishes, and mastics derived from petroleum. 


XX. The Refining of Petroleum in Canada. 

* The distillation'of crude petroleum is commonly cornmencec^in Canada in 
horizontal two-flued cylindrical stills, £0 feet in length by 10 feet in diameter, 
provided with six 2-inch vapour pipes. TJie stills are heated with petroleum 
residuum as fuel, and take a working charge of 260 barrels. The distillation 
of the naphtha, of which the Petrolia crude oil yjelds about six barrels per 
charge, occupies from two to three hours. The heat is then increased, and 
about 80 barrels of kerosene distillate is (Obtained, the operation occupying 
about ten hours. The first portion of the kerosene distillate is usually collected 

« 

• This is clearly shown by the following flptFres which represent the Respective quantities 
of the oils enumerated, which, in a series of experiments made by the writer, were removed 
from vessels of the same Bizo by the capillary attraction of ordinary lamp wicks of two qualities 



Bp. gt. 

Uest wick. 

Inferior wick. 

• 

grains 

grains. 

Amtrican kerosene (water white) 

.790 

. . 205'° 

... 104.2 

Russian kerosene (ordinary) 

.823 

. •. aoa.6 

94.2 • 

American kerosiae (ordinary) . 

.800 

• • 146.0 

69.7 
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separately, steamed to drive off the more volatile hydrocarbons, and afterwards 
added to the remainder of the kerosene distillate. The distillation being con¬ 
tinued, about 80 barrels of a product known as “ tailings ” is then obtained 
in about seven hours. This product is fractionated by redistillation. At this 
stage steam is passed into the still through a pipe passing^to the bottom and 
perforated at the lower end, and about 21 barrels of “gas-oil" distilled off. 
The residue is converted in smaller stills into lHbricaljng oils jmd paraffin. 
The additional quantity of kerosene obtained by the redistillation of • the 
tailings brings up, the tdtal yield of this product to/ibout 42 per cent, of the 
crude oil. The gas oil is sold for the Manufacture of illuminating gas. 
Canadian petroleum contains sulphur' compounds in considerable quantity, 
and it is necessary to adopt a special method of treatment of the kerosene 
distillate for the removal of this impurity. The agitator in wshich the 
operations are conducted has usually a capacity of 465 barrels. To this 
quantity of distillate, two carboys of oil of vitriol is added, and the oil and 
■acid are agitated together by an air-blast for twenty minutes. The tarry acid 
having been allowed to settle i^ drawn off, and seven parboys more of acid 
added. Agitation having been effected for thirty or forty minutes, the tarry 
add is removed as before. Another similar treatment with seven carboys 
of acid follows, and oceationally a fourth addition of acid is made. Tho oil 
is next allowed to remain at rest for an hour, any acid which settles out 
being drawn off, and cold (or in winter slightly warmed) water is allowed 
to pass down through the oil in fine streams, this treatment being continued, 
without agitation of the oil, for half-an-hour, or until the dark colour which 
the oil assumed on treatment with acid is removed. The water is then 
draw off, ten barrels of solution of caustic soda (density 15 0 B.) is added, 
and agitation conducted for fifteen minutes. The caustic soda solution having 
been drawn off, 30 barrels of a solution of litharge in c&ustic soda is added 
for the purpose oi removing the sulphur. This solution is made by dissolving 
caustic soda in water to a density of 18° (1., and then adding as much litharge 
as is soluble. Agitation with this solution is continued for about six hours, or 
until the oil is thoroughly deodorised. About 100 lbs. of sublimed sulphur 
is then'added, and the agitation is continued for another two hours. The 
, oil having been allowed to settle all night, the litharge solution is drawn off, 
and the oil rfin into a shallow tank or “ bleacher,” where it is exposed to 
the light to improve its colour, and is, if necessary, steamed to drive off the 
lighter hydrocarbons, jnd raise the flashing-point to the legal minimum of 
95 0 F. To raise thp flashing-point from 73' F., Abel test (the English 
standard), to 95° is stated to involve in practice a loss of 10 per cent., the 
burning quality of the oil beirlg at the same t’ime impaired, and upon these 
grounds the Ontario refiners in 1886 petitioned for a reduction of the test 
standard. The average percentage'yfeld of the various products is given in 
the following table:— * , 

t Naphtha.5 

Kerosene l.1 42 

Gas-oil . 8 

Tar ! . .25 

• Coke., 10 

Lobs (including water) . t .10 

, * ”. 

i 100 

The rules of tfie Petrolia Oil Exchange provide that refinrd kerosene 
shall be of the odour “locally known as inoffensive,” and shall “absolutely 
stand the test of oxide of lead in a strong solution of caustic soda, without 
change of colour.” Three grades of kerosene are manufactured, the highest 
of which, termed “ Extra Refined Oil,” has a specific gravity of .800, and is 
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described as “ water-white ” in colour, the other grades being described as 
"No. i Refined Oil (prime white in colour)/’ and “po. 2 Refined Oil 
(standard vfhitein colour).” The quality of Canadian kerosene has been 
greatly improved of late years, but notwithstanding the special process of 
refining adopted, the oil, though in many cases thoroughly deodorised and 
of good colour, still cpnfiains sulphur, and of course evolves sulphur 
compounds \fhen it is burnt. 

» • • * 

XXI. The Refining of Petroleum and Ozokerite in Galicia. 

At the largest Winery in Galicia, which the.writer visited in 18S;, the 
kerosenes distilled in the usual horizontal cylindrical stills, the lower plates of 
which are of steel. These stills take a charge of 200 burreis, and are run twelve 
times per month, the petroleum residuum used as fuel being partly burned with 
the aid of & steam-blast (atomised), and partly in admixture with sawdust.. 
The kerosene distillate is treated in lead-lined agitators, holding 500 barrels, 
with from 3 to 4 per cent, of sulphuric acid. At this refinery^which is situated 
at Jt’eczenyzen, only the crude oil from the neighbouring field of Sloboda- 
Rungurska was distilled at the time of Ike writer’^ visit. This crude oil 
was stated to yield from 4 to 8 per cent of “ benzine ” (according to the length 
of time that the material had been above ground), 58 percent, of “ standard 
oil” (sp. gr. .813 to .816, and flashing point 22° 0 . or 71.6' F.), 4percent.of 
“inflammable oil,”and 2J to 2J per cent, of solid paraffin. The paraffin oil, 
which was distilled from the residuum of the kerosene stills in forty-barrel 
stills with steel bottoms, was “ chilled ” by mixing it with crushed ice, and the 
paraffin was obtained by subjecting the semi-solid mass to pressure in Canadian 
presses, which are wooden lever presses of simple construction. Lubricating 
oils were not manufactured at this refinery, and the expressed oil was 
accordingly used as fuel. The capacity of the refinery was 7000 barrels of 
kerosene per month. 

At a smaller refinery which the writer viSited in Ustrzyki, the crude oil 
was distilled in wrougfct-iron pot stills,' 6 feet in diameter and 5* feet in 
height, the condensers bring worms of ,3-inch iron pipe. At this refinery 
various classes of crude oil were distilled, and the percentage of products* 


obtained was as follows:— 

Wietzno Ropienka Pol wig 

crude. * crude. crude. 

Benzine.15 ... • 10 ... 5 

Saloon oil 30 ... 35 ... 40 

• Second grade oil . . . 8 to li ... 10 .... 15 


The residue was further distilled In'the same stills, and yielded about 
20 per cent, of heavy oil, which was re-ffistilled. The final residue usually 
amounted to about 10 per cent, and the loss to about the same percentage. 
It appeared to be customary to mix the second grade of kerosene with 
benzine, and a burning oil was thus obtained which was inflammable at 
common temperatures, but which was nevertheless used locally to a con¬ 
siderable extent. , , • 

In the refining of ozokerite, the ray material, which has been separated 
from earthy matter by fusion, is treated with Nordhaus^n oil of vitriol, 
whereby a portion of the material becomes converted into a soluble sulpho- 
oompoundg and afterwards with charcoal.* The purifibd ozokerite, which 
then bears the name of oeresin, is separated as Tar as possible from the 
charcoal by pressure, and in additional quantity is obtained by exhausting 

* * * 

* The fine oarbonaceoue residue produced £n the manufacture of potassium ferrocyanide 
ia employed for this purpose. , 
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the charcoal with benzine, which is afterwards recovered by distillation. 
There is thus usually obtained from the crude ozokerite from 60 to 70 per , 
cent., or even mord, of ceresin, which in some cases is aftertyards coloured to 
imitate beeswax, and is largely used on the Continent, especially in Russia, 
as an adulterant of, or even as a substitute for, that substance. The melting 
point of refined ozokerit or ceresin usually ranges from 61° to 78° C. (142° ■ 
to 172° F.), but notwithstanding this high melting point, the Material when 
made into candles exhibits a tendency to gutter ; it also burns with a smoky 
flame. For the production of the material <jf whfch candles are made, the 
ozokerite is subjected by Messrs. J. C, & 5 . Field, Limited, to a process of 
distillation, patented in 1870 by Field and Siemssen. ITnder this process, 
the ozokerite is melted, pumped into stills, and distilled in a current of 
superheated steam.* The distillate is “caked/’pressed with naphtha^ 11 cleared 
down ” with fullers 1 earth, and filtered. ITnder favourable circumstances, 
with good material, about 60 per cent, of white wax, of a melting point of 
, 6o°C.(i4o°F.),maythus beobtained. Candles made of thiswax are especially 
adapted for use in high temperatures, as they are less< liable, to gutter and 
bend than ordinary paraffin candles. In addition to light oils, the crude 
ozokerite yields, under certain circtjmstances, a semi-solid product resembling 
vaseline, but less homogeneous. This product, known as yellow ozok&ine, 
is used in ointments and pomades. By the action of Nordhausen sulphuric 
acid it is rendered white, and in that form is employed by French perfumers 
as a substitute for lard in the process of “ enfleurage,” the almost entire 
insolubility of the hydrocarbon in alcohol, and its non-liability to become 
rancid giving it a great advantage over the animal fat. The residue in the 
stills consists of a hard black waxy substance, for which at first no use could 
be found; but in 1875 Messrs. Field and Tailing took out a patent for 
producing insulating electrical material by combining'this black ozokerite 
with india-rubber by welding through rollers at a moderate temperature, 
and afterwards vulcanising the compound. This material, with certain 
modifications, has been introduced as “okonite” for the insulation of 
electrical cables. Okonite is not only a good insulator, but is remarkably 
flexible and tough. By a similar process, a form of fhe material known as 
“ heel-ball ” is manufactured. This is employed do impart a black polished 
1 surface to the hoels and soles of boots; it is also very largely used by ’the 
Austrian Government for the leather work of cavalry and artillery. 
Natural ozokerite of gpod quality yields by Field's system of distillation about 
60 per cent, of white ozokerit (melting point 6o°C. or 140° F.), 30 per cent, of 
black ozokerite, and 3 per cent of ozokerine, tjie remaining 7 per cent, being 
represented by gas, light oil, rind coke. 

1 w 

XXII. The Conversion of Hpavy Oils into Liquid Hydrocarbons 
of Lower Bpeoiflc Gravity. 

In order to complete the review of the subject of petroleum refining, 
further reference is, necessary<- to the changes effected by exposing the 
hydrocarbons to temperatures above their normal boiling-points. It hag 
been already pointed out that thq American petroleum refiner, by the 
adoption of the process known as “ cracking ” is enabled to obtain an increased 
proportion of kerosene from the crude oil, and the principle involved in this 
operation has been 1 briefly referred to. As far back as the year 1871, Messrs. 
Thorpe and Young, in a'communication to the Royal Society “ On the com- 

* If the ozokerite is subjected to destructive distillation, it is very largely converted into 

oil, and coke, but in the presence of superheated steam this decomposition does not take 
place to any important extent. 
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DISTILLING HEAVV OILS UNDER CBE890EE. * $>5 

bined action of Heat and Pressure upon Paraffins," placed on record the fact 
that distillation under pressuie was the means of breaking up paraffins into 
hydrocarbons of greater volatility and lower density. InUheir experiments, 
solid paraffin was employed, and the heat was so regulated that the pressure 
amounted to about ^5 lbs. per square inch. From 3 J kilos, of the paraffin these 
authors obtained about 4 litres of liquid hydrocarbons, of which 0.3 litres 
boiled below «oo° C. ^212° F.), 1 litre between 100° and 200° 0. (212° and 
392 *F.), and 2.7 litres between 200° and 300' 0 . (392° and 572" F). It 
was further indicated th%t. the. mode of decompdution appeared to be 
general for the higher terms of fhat^eries of paraffins. The product thus 
obtained is a mixture of paraffins and olefines. For instance, the hydro¬ 
carbon might be resolved into C 5 H 12 + 0 lfl H M , or C 0 H 1( + 0 „H„, 

or 0 7 H, G T 0 u H m , &e. Son\e years previous to the date of this commu¬ 
nication to the Royal Society, however—namely, in 18<?s—Young obtained 
a patent for “ Improvemepts in Treating Hydrocarbon Oils," which con¬ 
sisted in distilling the oil in a strong vessel provided with a loaded valve, the. 
vapour being jdlowed to pass to the condenser through such valve, or 


Kiu. ii5 i 



through a stopcock partially .Hosed, so as ^o maintain the pressure. In 
walking with shale-.oil a pressure of about 20 lbs. to the square inch was re¬ 
commended, and the result stated to jje accomplished was the eonversion of 
a large proportion of the nils originally operated upon into oils of lower 
specific gravity. * 

In 1887, Benton of Titusville, Pa., obtained a patent in this country 
(Iladdan’s Patent, 1922) for “ improvements in the method and means of 
refining crude and refuse petroleum and t^e like,” the process consisting in 
pumping the oil under considerable pressure (285 lbs., or more, to the square 
inch) through a sdlies of pipes heeded in a furnace, and then allbwing it to 
escape into a vapour-chamber. By the adoption of this process the inventor 
claimed to be able to producelighter hydrocarbons from the refuse of 
petroleum oil, tar-oils, and other heavy mineral 0H4” The apparatus 
employed i? shown in Figs. 115, 116, 117. It consists of a series of pipes B, 
Arranged in a furnace A , by which the series is heated. The range of pipes 
communicates on the one side with a force-pump T, ahd on the other side 
with a vapour-chaijiber C. By means of the stop-valve g, the required 
pressure is maintained in the pipes. The vapour-chamber G, is heated, and 
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may, if desired, be partially exhausted. The vapour passes to the condenser 
H, and the unvolatilised liquid flows oflf at the bottom of the vapour chamber 
at h. In order to,regulate the pressure in the pipes B, a suitably weighted 
check-valve, q, is placed between the force-pump T, and the pipes B. 

The process patented by Dewar and Redwood in i88c»»consists in the use 
of a suitable still and condenser in free communication with each other—that 
is,without any valve orcock between them—the space'in the still and condenser 
not occupied by liquid being charged with air, or carbonic acid gas, or other 


Fig. i i 6 .' 



gas, under the required pressure, and the condenser being provided with a 
regulated outlet for condensed liquid. An objectionable feature of the 
system of allowing the vapour to escape from tho still to the condenser 
through a loaded valve—namely, the irregularity of the'distillation—is thus 
removed, and the benefits of regular vaporisation and condensation under 
high pressure are obtained. The ordinary process of “ cracking," which con¬ 
sists in allowing the less volatile portions of the vapour to become condensed 
in the stillhead, and fall bach into the liquid below, is both slow and 


Kip. 11 7- 



comparatively ineffective, besides involving considerable waste of heat, but 
if desired the head of the still or retort employed in the* Dewar-Redwood 
process may be so constructed as to produce partial condensation and thus 
cracking may bo effected under high pressure. The apparatus for carrying out 
the process may be arranged in various ways, one form being shoyn in Kgs. 
118, itg, iao. Fig. n8 is a longitudinal, and Fig. 119 a transverse section. 
Fig. 120 is a sectional plan on the line XX of Fig. 118. A is a fireplace, with’ 
fire-door A 1 , and ashpit door A'\ suited for regulating admission of air as 
required. “ Instead of a fireplace with grate for burning, solid fuel, a burner 
for liquid or gaseous fuel may he employed. Above the combustion chamber 












Dewar and Redwood^ Apparatus for distilling Beaty Hydrogen oils under pressure. 
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3, is placed a metal retort C, which is enclosed within a refractory casing 0 1 , 
to protect the metal from excessive local heating. The encased retort is 
situated in a heating chamber B 1 , into which the hot products of combustion 
ascend by side ports ]?, and from which they pass by central ports 3 s , into a 
flue jB 4 , communicating with a chimney 3 s . The front part of the retort G 
communicates freely with a stillhead CP, provided, with a pressure-gauge C®, 
and safety valve 0*. The exposed end of the retort C js closed,,by a readily 
removable cover C, provided with a glass gauge ,to show the level of the 
liquid in the retort, it) is a pipe-coil situated p a tank id 1 , in which 
circulation of water is maintained. The upper end of the coil D communi¬ 
cates by a pipe with the stillhead CP, and its lower end opens into a hollow 
column D i , which is provided with a glass gauge IF, and has at the bottom 
an outlet pipe I) 1 , furnished with a stopcock or valve. E is a pomp for 
forcing the oil to be'treated, by a pipe E', into the retort G, this pipe pre¬ 
ferably extending nearly to the further end of the retort. By another pipe 
‘E\ furnished with a cock or valve, the contents of the retort can be drawn 
off, or this pipe may communicate with a second retort, yhich in like manner 
may be connected with a third, so as to form a series of any required 
number. F is an air-compressing pump, by which air or suitable gas is 
forced by a pipe F 1 , into the stillhead C‘, or it might be into any other part 
of the apparatus which is in communication with the stillhead. The retort 
0, being partly charged with oil by the pump E, and the spaces in the retort 
C, in the stillhead CP, in the condensing coil 1), and in the column IF, 
being charged with air or gas to the desired pressure, the retort is heated, and 
the oil is vaporised under pressure. The oil vapour is condensed in passing 
through the coil D, and the liquid distillate which collects in the column IP, is 
drawn off, either continuously or intermittently, into suitable receptacles, in 
which such gas as may be dissolved in the liquid is liberated and can be 
collected. By a pipe and cock, or a suitably loaded safety valve J0 S , gas may 
be withdrawn from the space above tide liquid in the column D s . Although 
only one retort and condenser are shown, there may be several sets of these 
in communication with the oil and gas pumps, or with each other, suitable 
cocks dr valves being provided in the communicating pipes, so that the 
several retorts may be worked simultaneously, on in rotation. From time' 
to time, the cover (fi, of the retort may be removed to clear out residue. 
During the distillation, such of the vapour as may be condensed in the still¬ 
head C'\ or such liquid as may prime up into the stillhead, flows back into 
the body of liquid in the retort. By regulating the heat and pressure to 
which the retort is subjected, the character o f the distillate may be varied. 
The proportion of the several 1 parts of the apparatus may be altered, and, if 
necessary, m^ans of cooling may be applied to the stillhead CP. With Bd'uu 
an apparatus, intermediate and heavy oils may be readily converted to a 
considerable extent into lighter oils suitable for use in ordinary mineral-oil 
lamps, and even mineral spirit of low boiling point, capable of being em¬ 
ployed for the carburetting of coal-gas, may be produced. 

Crude petroleum, or petroleum distillate, of high density and boiling 
point, has not hitherto been found well adapted for use as a source of oil-gas, 
and the manufacture of gas oil from such materials has been carried out 
experimentally by means of a process patented in 1891 by Dr. Dvorkovitz, the 
Kerosene Corqpftny, Limited, and the Tank Storage and Carriage Company, 
Limited. In conducting this process, the crude petroleum, or other liquid 
hydrocarbon, is parsed through an oil superheater of any con”enient con¬ 
struction, in which it is’heated to >a high temperature, into a retort, where 
it is delivered through a perforated, pipe. Here the oil is met by a current 
-of .superheated steam, also delivered through a perforated pipe, superheating, 
being so effected that the temperature of the steam is higher than that of 



TOAN8P0ET OF XEB08ESE, ' 2 O 9 , 

the oil. The oil is thus separated into two portions, one consisting of oil 
vapour, and the other of “ tar and other precipitated matters.” The mixed 
oil vapour qud steam pass through a dome or pipe of largtf sectional area to a 
condenser. The tar is passed through a second superheater to a second 
retort, where it again encounters superheated steam, the vaporised portion 
passing to a second condenser, and the tarry residue being removed in any 
convenient manner. t AS regards the method or process, the main principle 
claimed is the prevention of condensation in the retorts, the vapours being 
conveyed from the retort^tQ th® condensers as rapidly as possible, while the 
high temperature is maintained; 8nd in relation to the apparatus, the points 
of novelty are the employment of double sets of oil superheaters, retorts, 
and condensers, together with a steam superheater, and arrangements for 
intimately mixing the oil or oil vapours and steam in the retorts. 

XXIII. Proportions erf Commercial Products yielded by various 
descriptions of Crude Petroleum. 

. In the table on page 210 the proportions of some of tne commercial 
products obtained from samples of crude petroleum examined by the 
writer are given. The process of distillation adapted was substantially 
the same in each case, and the results are therefore, from that point of view, 
comparative. In the distillation of these oils on the large scale, there would, 
in most cases, be a larger yield of kerosene, due to “ craicking.” 

Of these oils, the sample from Upper Burmah contained the largest 
proportion of solid hydrocarbons (10 to 12 per cent.). The Assam petroleum 
also contained a considerable percentage. Among the otlier samples, those 
from Java, New Zealand, and Algeria may be described as rich in solid 
hydrocarbons. The - samples from the United Stares, Canada, Galicia, 
Koumania, and Lower Burmah, gave a moderate yield of paraffin, but, on 
the otlier hand, those from Kussia^Ge^many, Peru, and Mexico contained 
very litt’e. 


' , CHAPTER V. 

XXIV. The Transport of Kerosene. 

Kerosene was for many years shipped from the refineries in the United 
• States to the markets of the world only in the well-known oak barrels (which 
have a capacity of about 40 iimperial gallons)^ or in the equally well-known 
“ casts,” which consist of two rectangular tins (holding four imperial gallons 
eafii) enclosed in a wooden box. The fornjer package is employ^ where the 
dryness or heat of the climate does not interfere with its use, and the trans 
port of so large a package is not attended with inconvenience; the more 
expensive ease being reserved for use in the shipment of kerosene to the 
tropics or its carriage to comparatively inaccessible -localities. 

The barrels employed in the shipment of kerosene from the United 
States are now chiefly made by ingenious machinery with such rapidity that 
the Standard Oil Company are able At their Bayonne works to turn out from 
10,000 to 12,000 finished barrels per day. In order to render the barrels 
impervious to the oil they are coated infernally with a solution of glue, in 
the proportion of about 1 lb, of glue to three barrels. Tbq barrels are filled 
from a nick ^provided with a Beries of pipes with sqlf-acting valves, which 
step the flow of the oil when (he barrels have been filled to within one gallon 
of their contents, and the barrels are clesed with wooden “ shives ” glued 
into the bungholes. ‘ ‘ 

The manufacture 8f the tins is also carried on by machinery, the tin 
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Percentage of Commercial Products obtained from Crude 
i Petroleum. 


Locality. 


Bradford, U.S.A.. 

Parker (Clarion), UbS.A. 

„ (Karns City), U.S.A 
Thorn Creek, U.S.A. . 

Stone ham, U.S.A. . 
Washington, U.S.A. . 
Maoksburg, U.jS.A. 

Lima (Ohio) 

Wyoming . . . » 

California (Pico Canon) 

„ (Puente) „ . 

Peru .... 
Ecuador 

Mexico.... 

Canada (Petrolia) 

„ (Gaspe . 

Russia (Balakhani-Saboontchi) 
„ (Surakbani) 

„ (lllski) . . 

” (Koudako) 

I ,, (Kertch) . 

Galicia (Sloboda-Rungurska) 

» >» »» 

„ {Ust£?yki District) 


„ (Harklowa) 
„ (Lenczyn) 
Roumania » 


Germany 
Italy . 

Upper Burmah (Yen#i 

Lower Burmah 

• 

Assam . 

Algeria . . ,, 

Java . 

New Zealand 


.n£you; 


•»g) 


Percentage of Gjmmercial Products. 


Sp. Gr. 

| 

f- 

Petroleum 

0 Spirit P 
(Bcnziue). 

«• 

Kcroseue. 

Intermediate 
and Lubri¬ 
cating Oils 
with solid 
lydrocarbons. 

.810 

20.0 

50.0 

« 25.3 

•797 

2llO 

74.0 

— 

.789 

32.0 

64.0 

— 

.S02 

21.0. 

74-o , 

— 

.802 

15.0 

75-o 

6.6 

.788 

18.1 

71.1 

0.8 

.829 

10.5 

49.5 

35-5 

.•839 

83- 0 i 

6.9 

.910 

2.0 

24.7 

5»9 

.911 

2-5 

27-5 

53-5 

.844 

15.0 

45.0 

32.0 

.880 

12.5 

23 O 

42.6 

.859 

11.6 

42.4 

42.6 

.928 

5-5 

>4-5 

68.1 

.874 

nil 

37-o 

62.25 

.882 

nil 

27-75 

66.0 

.858 

2-5 

57-5 

— 

.847 

8.75 

48.0 

40.0 

.872 

6-3 

32.50 

59.1 

.780 

48.9 

43-9 

— 

.853 

20.0 

40.0 

35-o 

.$4° f 

1.0 

9.0 

83-34 

.860 

12.72 

33.67 

39-6 

.887 

nil 

28.0 

70.5 

•845 

12.0 

35-9 

41.6 

«86o 

8.8 

37-4 

40.0 

!8 4 6 

9.6 

3^-4 

44-3 

.912 

2.6 

17.4 

58.6 

.901 

7-5 

32-5 

51.8 

•875 

8.4 

36-5 

5°-3 

.859 

nil 

18.9 

80.6 

.845 

28.85 

26.3 

4f-S 

.860 

’. 1-75 

54-6 

38.3 

.839 

nil 

57-25 

*41.2 

.890 

nil 

" 27.25 

63.6' 

' .S96 

2.0 

25-1 

67-5 

,882 

4-5 

32.0 

6I.25 

• .846 

21.26 

33-88 

40.25 

.899 

12.81 

23.06 

53-32 

.S72 

1.94 

. 35 

59 

.787 

43-9 

46.5 

5-5 

». .869 

>■35 

25-78 

67.98 

■834 

9.0 

57-5 

32.0 

.825 

9.25 

'69.25 

2 !-5 

11858 

II.l8 

35-97 

48.8 

*'.921 

0.75 

28.25 

60.75 

.881 

nil 

50.0 

45-5 

.829 

nU 

60.0 

38.0 


plates being cut, stamped, and bent in a series of machines, and the soldering 
ef the joints being effected-by automatic appliances of remarkable ingenuity. > 
The wooden cases in which the tins are packed are j)ut together by nailing 
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machines which drive in the whole of the noils for one angle at a single 
operation. 60,000 tin cans and 30,000 cases are turned jout per day at the 
Devoe Works in New York. 

Russia has, however, no adequate supplies of timber suitable for barrel¬ 
making, and accordingly, when the development of the petroleum industry 
in that country took place,* Messrs. Nobel Brothers decided to ship the oil 
in bulk in tank steamers for conveyance from the refineries at Baku to the 
Vof£a, where it could be transferred to bulk barges and thence to tank 
waggons on the railroads^ ‘PrdVfpusly to this, attempts had been made to 
ship petroleum in bulk from the United States, but these attempts not 
having been well planned were attended with failure. In these early efforts, 
the necessity for preventing oscillation of the oil, caused by the rolling of 
the ship* by keeping the tanks perfectly full (provision being made for 
expansion and contraction of the oil), appears to have been overlooked, and 
the discouraging results obtained were, no doubt, principally due to this. 

The steamers first employed by Messrs. Nobel Brothers in the transport 
of kerosene in hulk vtere constructed at Mobila in Sweden, and floated in 
two portions through the Russian canal system to the Vfllga, where the 
sections were united. These vessels are *50 feet in length by about 28 feet 
in width. They are furnished with a large tank occupying the whole of the 
fore-part of the vessel, and two cylindrical tanks aft, the engines and boilers 
being amidships. The aggregate capacity of the tanks is about 225,000 
gallons. These steamships are of special interest as having afforded the 
first practical solution of the difficulties attending, or at one time considered 
to attend, the ocean transport of oil in bulk. They are Haded in four and 
a half hours, the oil being pumped on board through 8-inch pipes, and have 
proved perfectly seaworthy in the worst weather. The fuel used for steam 
generation is astatki, or petroleum residuum. The water at the mouth of 
the Volga being shallow, it is necessary to transfer the oil to bulk barges, 
which are towed up the river to Tsaritsfn, a distance of 364 miles. There 
the oil is pumped into tank waggons on the railway for distribution through¬ 
out Russia, or in some instances for conveyance across the continent fpr the 
supply of other countrils. At convenient centres large storage accommoda¬ 
tion is provided in order thht supplies inhy not run short during the period • 
extending from November to April when the Volga navigation is closed by 
ire. By far the larger proportion, however, of the kerosene intended for 
shipment to other countries is transported in tank waggons from Baku to 
.Batoum on the Black Sea by the Transcaucasian Railway, a distance of 
560 miles. A portion of this .line was originally carried over the Suram 
Pass, which has an elevation of 3000 feet, by a gradient as steep in places 
as^ in 22 ; but the petroleum traffic ovjr (he line was conducted with diffi¬ 
culty, ami the transporting oapacity was by no means equal to the demand. A 
railroad tunnel under the Pass has, however, been recently completed, and 
previously a short pipedine had been laid over the Pass, the carrying capa¬ 
city of the railway being thus largely augmented. The laying of a pife-line 
for crude oil from Baku to Batoum, or to the neighbouring port of Poti, 
has also been projected, and the construction of other railway lines 
which might advantageously be employed in the transport of the crude and 
refined materials is contemplated. Tankssteamers of considerable carrying 
capacity are now regularly employed in the conveyance of kertsene in bulk 
from Batoum to various ports; there are also at Batoum factories for the 
manufacture «f cans and cases, and large quantities of kerosene are packed 
there for shipment to the Eaqt and elsewhbre. Concurrently with the de¬ 
velopment of the transport of the oil in bulk from Batoum, the same system 
has been successfully introduced in the export of kerosene from the United 
States. The first plan*put into practical operation at the port of New York 
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was that which wag devised by Mr. L. V. Bone, whose patent is of a com- 
preheusive character and embodies no less than twelve claims. As exem¬ 
plified in the cash of a sailing vessel named the Crusader, • the system 
consisted essentially in the employment of a number of cylindrical tanks, 
arranged horizontally, and varying in size so as to occupy as completely as 
possible the whole of the available space. Arrangements were provided for 
keeping the tanka, of which there were 45, quite full ,of oil, a.id each tank 
communicated with a, steam-pump on deck, by means of which the Whole 
cargo (equal to the contents of 5500 barrels) couVl be loaded or discharged 
in about ten hours. The principle of having a large number of tanks was 
subsequently adopted in the case of the Andromeda, tliig vessel containing 72 
tanks, which instead of being cylindrical were principally rectangular. The 
capacity of this vessel was 684,641 American gallons. The further develop¬ 
ment of bulk transportation by sea resulted in the formation of some con¬ 
flicting opinions as to the method of construction which should be adopted 
in the vessels employed in the trade. The provision of a small number of 
comparatively large tanks, wjth “trunks” or expansion ('inks to ensure 
that the main Vanks are always completely full, has, however, been generally 
accepted as preferable to that of s large number of small tanks, though it is 
obvious that the risk V>f the escape of a large quantity of the oil, in the 
event of injury to the ship by collision, is considerably increased by the 
adoption of the former principle of construction. Authorities have also 
been divided in opinion as to whether the tanks should be formed by the 
skin of the ship or should be independent. These and othor details will be 
found fully discussed in a paper read by Mr. B. Martell, Chief Surveyor to 
Lloyd’s, at a meeting of the Institution of Naval Architects od the 27th 
of July 1886. 

There are now about ninety tank steamships afloat which have been 
specially built tor the conveyance of petroleum in bulk. Many of these 
vessels are fine specimens of naval construction, and have a carrying capacity 
of over one million gallons of petroleum. The tanks, of which there are usually 
from seven to nine, occupy the central portion of the vessel, their sides and 
bottom being formed by the skin of the ship, and fare separated from the 
boilers and engines, which are placfid aft, by a coffer-dam or double bulkhead. 
Powerful pumps are provided by means of which the cargo can be rapidly 
discharged, and in some instances the tanks are furnished with steam-jet 
ventilating appliances for quickly removing any remaining oil vapour which 
might be a source of danger.* • 

The distribution of kerosene in the United States is very largely effected 
by means of. tank-ecru on the railroads, and tank-waggons drawn iy horses 
on the highways, the oil being tljus conveyed in bulk from the refineries to 
the shops of the retailers, and within the post two or three years this 
system has been adopted to a considerable extent in this country. 


CHAPTER VI. 

ZX.V. The Shale Oil Industry. 

« 

As early as the year 1694, Ee\ej Hancock and Portlock made “ pitch, tar, 
and oyle out of a kind of stone," and in 1781 the Earl of Dundonald 
obtained oil from coal by destructive distillation. Paraffin e WaS Sepai&tod 

from wood tar by Reichenbach in ibjo, and in tine same year ^joduoed 

* When naked lights and hot rivets afa to be used in the tanks in connoctipn with repairing 
operations the careful testing of Vho atmosphere of the tanks becomes an important preliminary 
Btep. For this purpose the writer has patented, iu conjunction.with Professor Clowes, the 
replication of a hydrogen flame in r lamp of suitable construction, togothcr with apparatus fop 
*i ‘ — «sf....—1— «i.„ vi 
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by Laurent by the distillation of bituminous shale. Three years'later Laurent 
suggested the working of the shale deposits of Antun as sraource of mineral 
oil, and in 1839 burning oil and other produots mnnufacturedrrom this material 
were exhibited by Selligue. Paraffin is stated to have been made for sale by 
Reichenbach’s procses from wood tar by Mr. John Thom, of Birkacre, before 
. the year 1835. Dr. Abrahpm'Gesner claims to have been the first to produce 
iltuminating cfil from coal ifl America, and asserts that at public lectures 
delivered in Prince Edward’s! Island, in August 1846, he burned in lamps the 
oil thus obtained. The paieifts ghyited to Dr. Gesner passed into the posses¬ 
sion of the North American Kerosene Gaslight Company, who manufactured 
the oil at their works at Newtown Creek, Long Island, and sold it, in 1854, 

• under the name of kerosene oil. Dr. Gesner states that Messrs. Austen, the 
agents of*the company, “found great difficulty in selling the oil. The 
refining process was not so well understood at that time as at present, and 
the odour was not agreeable. The beauty of the light obtained from it, 
however, was sufficient to gradually overcome the objection to it on the 
score of odour.» Its supposed explosiveness was also urged against it by 
those interested in the camphine and burning fluids.” ’ 

In 1849, experiments were made by Mr. Rees Reece and Sir Robert 
Kane* to ascertain whether mineral oil and paraflfn could be profitably 
produced from Irish peat, and in the following year the distillation of 
lignite for paraffin oil was commenced on the Rhine, fn 1850, Mr. James 
Young obtained a patent for his process of producing paraffin oil by the 
destructive distillation of Boghead or Torbanehill mineral, and commenced 
the manufacture at Bathgate, Linlithgowshire, in conjunction with Mr. 
E. W. Binney and Mr. Meldrum. 

In 1853, the United States Chemical Manufacturing Company began 
making lubricating oil from coal-tar at Waltham, Massachusetts; and, in 
1857, the Downer Kerosene Oil Company first made mineral oils, for 
lubricating purposes, from Albert «oal obtained from New Brunswick. 
Meanwhile, at New Bedford, Massachusetts,, the distillation of Boghead 
mineral, imported from Scotland, was commenced, but cannel coal^ from 
West Virginia and Kentucky were soon substituted for the imported 
material. So rapidly did the industry* develop that, in 1839, a single 
re finely on the Allegheny river had a distilling capacity equal to 6000 
gallons of crude oil per diem. 

The employment of Boghead mineral by Mr. Young sis a source of oil, led 
4 o a notable lawsuit, which was instituted with a view of determining 
whether the mineral was “coaU > It is worthy,of note that in the course of 
thi^law.,uit attention was directed to the earlier patent of Bt> Buisson for 
the distillation of “mineral sehistus” at,a low heat with a view to the 
production of oil. The ultimate decision was in the affirmative, bat the 
question which was at issue soon ceased to be of practical importance, for in 
1862 the supply of Boghead coal became exhausted, and since that date 
paraffin oil has been entirely produced in Scotland from the bituminous'shales 
found below the coal measures, chiefly in Midlothian and Linlithgowshire. 
The aggregate amount of shale raised atfl distilled m Scotland at the 
present time is over .two million tdhs per annum, the crude oil produced 
therefrom amounting to about sixty million gallons per annum. The 
following figures indicate the ratq of growth of this trade dthing the years 
1881 to 1890. , 

0 Estimated quantity of SltaU lijatilleti in iScOtiuild, 


18SI 

912,171 tons 

4886 .' 

1,968.500 U/D 8 

1882 .* . 

985,488 „ 

1887 4. 

1,368.704 „ 

1883 . . 

1,130,720 „ 

1888 

2,027,000 „ 

1884 

1,469,649 „ 

1889 , . 

1,986,990 „ 

188; 

1 , 757.700 „ 

1890 . . 

2,155,000 „ 
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The following summary of the production of oil-shale, in the United 
Kingdom, was published by* Mr. James Nicol, City Chamberlain of Glasgow. 


Counties. 

1680. 

1881. 

1882. 

1883. 

1884. 

Edinburgh .... 
Linlithgow’ . . . r 

Fife . „ .' . 

Renfrew .... 

Lanark . ... 

Ayr ..... 
Stirling .... 

Tons. 

372,994 

3*2.983 

16,418 

56,440 

28,830 

6,172 

Tons. 

451,018 

353.826 

65,379 

30,293 

6,533 

5,122 

0 Tnns. 

- 478,593 
355 700 

,129,856 

90,804 

25,606 

4,929- 

Tons. 

458,206 

476,869 

87.589 

82,988 

*6,318 

4,242 

4,5*7 

Tons. 

640,753 

581,<121 
128,996 
97,273 
9,752 
7 , 2*9 
4,535 

Scotland .... 

England and Wales 

793,837 

43,968 

912,171 

46,048 

985.48s 

36,428 

1,130 729 
37,214 

1 , 469,649 

49,222 

Total production in the ) 
United Kingdom. j 

837,805 

! c 
958,219 j 1,021,916 

1* 

1,167,943 

1,5*8.871 


The following table gives the names of the companies engaged in the 
Scottish oil industry, the year of formation, and the amount of paid-up 
capital and debentures, as at 1891. 



Year 


Capital paid uu 

Name. 

(about). 


Debenture 

Young’s Paraffin Co. . 

*854 


,#>58,771 

Stanrigg Oil Co. 

Oakbank Oil Co. 

1865 

1868 


50,OCX) 
67,500 

■"Dalmeny Oil Co. 

1871 


18,900 

Broxbu/n Oil Co. .... 

1877 


299,750 

Burntisland Oil Co. 

18S1 


244,950 

Clippens Oil Co. v 

1882 


397,235 

West Lowthian Oil Co. 

1 ss 3 


81,748 

Pumpherston Oil Co. f 

1883 


197,010 

* Holmes Oil Co. . . ... 

1884 


40,000 

Linlithgow Oil Co. 

1884 

IB-. 

192,488 

Hermand Oil Co. g . 

18S5 - 


289,560 

■"James Ross & Co . 

1885 


750CO 

Caledonian Mineral Oil Co.f - 

18S9 


74,750 




£2,687,662 


The production of mineral oils and paraffin, by the distillation of lignite,' 
is carried on to a considerable extent in Saxfhy. 

Two companies have been engaged in the manufacture of mineral, oil 
from shale In New South Wales. < The older, which has been in existence 
about twenty years, was formerly called the Western Kerosene Oil Company, 
but now goes by the name of the‘New South Wales Shale and Oil Company. 
The shale-field worked by this company is situated at Hartley Vale, near 
the Blue Mountains, oir the Western Line, and the refinery is at Botany 
Bay. The distilling capacity <jf this company’s plant is 400 tons of shale 
per week., The other company, formed ten or twelve or years ago, is termed 
the Australian Kerosene Shale and Oil Company. Thu mineral worked by 
this company is found at Joadia Creek, near Mitteagong, about eighty 
miles south ofSydney. The company distils about 200 tons of shale per 
week. 

Mr. Griffin, in a report on thp kerosene trade of New South Wales, gives 
the following tabular statement of the quantity of shale produced in the 
colony for each year from 1865 to 1884 inclusive. 

* Manufacture* crude oil, but does not refine. 

„ f This Company purchased the business of tho Lanark Oil Co. 
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1865 

« • 

Tons. 

570 

1875 



Tons. 

6,197 

1866 


2,770 

187& 



15,998 

1867 • . 


4,079 

1877 


> * 

18,963 

1868 

, , 

16,952 

1878 



24,371 

1869 


7,500 

1879 



32,519 

1870 


8,580 

1880 



19,201 

1871 


, 1&700 

1881 



27,894 

1872 '. 

, A . 

10040 

1882 



48,065 

1873 


17,850 

1883 



49,250 

1874 


y2,ioo, 

>■ 

1884 


• 

31,618 


The shales employed for the manfacture of mineral oils in Scotland are 
generally associated with marls, limestones, and sandstones. They are 
usually of a brown or grey colour, the richer being of a soft nature, and the 
poorer hard and slate-like. -The principal seams are knqwn as the Fells, the 
Broxburn, and the Dunnet. 

There are marked differences in the quality of the various Scottish 
shales in respect to the yield of crude oil and sulphate of ammonia, as well 
as in regard to the percentage of the various commercial products obtainable 
from the crude oil. The richer shales yield about 30 galloVis of crude oil 
per ton of shale, while the inferior qualities give about 8 gallons less of oil, 
but a considerably larger amount of sulphate of amihonia. 

Professor Liversidge, of the Sydney University, does not think that the 
name of “ kerosene shale ” is a proper one for the New South Wales 
mineral, for the reason that the substance does not possess the properties of 
a shale, and more nearly resembles cannel coal and torbanite. 

The lignite distilled in Prussian Saxony is a particular variety of earthy 
lignite, occurring within a small portion of the Saxon Thuringian brown-coal 
formation between Weissenfels and Zeitz. 

A laminated variety of shale, known as paper shale, which yields a large 
percentage of oil, is found in Servia and elsewhere. True shales when 
hdhted to redness in a closed vessel do not cake, so that the soft and black 
residue, after all the volatile matter has been^driven off, retains the original 
form of the material. The proportion_ of mineral matter in the shale is 
usually about 73 per c&nt., but is occasionally as much as 80 per cent. The 
Broxburn shale yields: ' ' 


Crude oil. 

Water. 

Gas. 

Ash. 

Carbon in scent bh^u 

. 

Per eent. 

. 12.5* 

•. *-s 

3,0 

.» 67.0 

. 9.0 



100*0* 9 


During the infancy of. the Scottish shale-oil industry two methods of 
distillation were adopted—one intermittent, the other continuous. In the 
former system, which was that first employed, the shale, previously reduced 
to small fragments, was heated in horizontal cast-irqn retorts, similar to those 
employed in coal-gas manufacture, the retorts being discharged and recharged 
when the whole of the volatile matters^had been driven off. The con¬ 
tinuous system was, conducted in Cylindrical or oval retorts of cast-iron, 
about two feet in diameter, and eight o» ten feet in length, six or eight of 
which were set vertically in a furnace. Figs. 121,122,123. *In these retorts 
the shale, previously broken by machinery, was exposed to a dull red heat 
for a period ranging from twelve to twenty hours, a jet of steam being 
introduced at the bottom of the retort, And the products conducted from 

* Thoyiold of crude oil may be slated to tinge from ax to 30, or in some esses even 
40 gallons per ton of shale, but where the yield exceeds 30 gallons, the oil Is usually inferior in 
respect to tbs percentage df Bolid paraffin and quality of the heavy oils. 
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the top. The furnace was so constructed that the lower part of the retort 
received the greatest heat, and from time to time a portion of the exhausted n 
shale was removed 'from the bottom of the retort, which was Realed wi t 


Flo. 121. 



Distillation of Shale. Sectional Elevation. 


water, a corresponding quantity of fresh shale being introduced through 
the hopper at the top. 

The modern representatives of the intermittent and continuous methods 
of distillation are the Henderson system and the Young and Beilby system 

Fig. 122. 



Seale t t 

■ f * p * L-3—1 L _ £. - _“_ I _ 

. Sectional Plan on A B. 


respectively. The,Henderson system is characterised by the provision of 
an arrangement for utilising as fuel the carbon remaining in the spent shale, 
which sometimes amounts to as much as 12 or I4.per cent. The retorts used, 
Fig. 124 (p. 218), are about dfteen feet in length and take a charge of eighteen 
hundredweight of shale. They are arranged vertically in a series of four in 
a furnace-chamber or oven. The oven is a high-arched chamber, constructed 
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of brickwork, and there is formed beneath it a large fire-chamber or fuel 
space, divided in two by a partition wall. The fire-chamber is surmounted 
by an arched roof, along the centre of which, apertures dre formed for the 
passage of the fire gases into the oven space above. The fire gases are led 
at first towards the»upper part of the oven by vertical flue walls or screens, 
. and they 'finally pass off % fram the oven by flues leading from the outer 
bottom parts into the, main* flues communicating with the chimney. The 
bottom of each retort is formed with its inner side bevelled, and it is built 
into and projects down thtoagh the sole or floor of the oveij. The discharge 
opening of the retort formed at tlfe extreme bottom end, and the cover, are 
slightly inclined froip the horizontal, the lower end being outermost, so that 
, the oil falling on the cover may run down it towards the oil outlet. The 
retort boftom is situated in a casement or space made wjth an iron framing 
fixed in the brickwork, and with its inner side opening into the fire-chamber, 
whilst it is also open on the outer side. In the casement, there is an incline 
valve made of iron lined with fire-clay, 
and arranged to tur» on journals at 
its bottom corners. This valve serves 
to separate the bottom of the retort 
from*the fire-chamber, and thus pre¬ 
vents the fire from injuring the bottom 
cover or door of the retort and its 
fittings. When, however, the cover is 
removed, the valve can be turned over 
so as to form an inclined plane or 
shoot to guide down the spent shale 
from the retort into the fire-chamber. 

A light, malleable-iron, portable hand- 
lever, with a horizontal spindle, is made 
to«turn in bearings formed in the bat- 
tom of the casement, so as to remove 
the door away from the retort, or so 
as to lift it into positioil. In the upper 
part of the casement frame, in each 
side, there is a wedge recess, into which 
wedges are driven to fix the door 
tightly when in position, these wedges 
•being taken out prior to its removal. 

In the bottom of the retort is a 
hinged grating which keeps the shale from tl’e cold or o\it*r, corner when 
distilling, and when the door is removed ppvents the spent shalesfrom falling 
down until the valve is turned over oulwards to guide it down into the fire- 
chamber. At the bottom of the fire-chamber, there are two large opening 
doors, one being on each side of the partition wall, for the easy removal of the 
final ashes, or exhausted material, into hutches belpw. A series of pipes is 
arranged along one side of the oven. Steam is passed through these pipes, aud 
superheated to the temperature of the oveif*(about 426*0. or 800° F.), from 
which it passes by benches into the tbps of the retorts,and travels dbwnwards, 
diffusing the proper heat uniformly through the mass of shale, and sweeping 
the oil vapours out of the region pf the heat, as soon as they*re formed, the 
oil vapours being conveyed from the bottom of the retort by a pipe leading 
to the condrtisers. The following is the method of working the set of four 
reports:—Having first got pp a suitable heat in the oven by means of 
ordinary fu§I, one retort is charged from the top with-shale. Four hours 
later, a second retort, diagonally opposite to the first, is charged.. At the 
eighth hour from the’start, a third retort is charged—namely, the one on 


Fig. 123. 
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Fio. 124. 



1. Retorts—flat oval in cross sectiom ' 

2. Oven—arched chamber containing four retorts. 

3. Furnace. 

4. Dividing wall in furnaoe. 

5. Flue—acting as a ^.reeft for bottom of retort. 

0. Exit pipes from oven for heated gases. 

7. Movable door for bottom of retort. 

8. Implement for remtfval of door. . 

9. Valve forming a shoot which folds back into reoess 

in furnace arch. 

10. Outlet pipe for oil vapours. 

n. Grating which prevepts shale from falling into 
oomer removed from heat, and protects oil outlet. 

12. Bottom plate of,furnact> which {olds down, tBe 

cinder being precipitated into bogey. 

13. Inlet? for gas consumed as fuel. 

14. Steam-pipes. 


the same side of the parti¬ 
tion wall as the first, and 
at the twelfth hour the * 
fourth is' charged. The 
heat is maintained with 
, ordinary fuel until the six¬ 
teenth hour, when the 
, material in the first retort 
jvill be exhausted so far 
as the distillation is con¬ 
cerned, and it can be dis¬ 
charged into the fire- 
chamber to be< used as * 
fuel, and the retort 
again charged. There¬ 
after, at each period of four 
houiji, the retorts are dis¬ 
charged and recharged in 
the order in which they 
were first charged. -• The 
spent shale falls into the 
furnaoe black although 
hot, but in a few minutes 
it is glowing brightly. 
The furnace and oven are 
constructed so as to cause 
a very gentle influx of air, 
as the spent shale contains 
but little carbon, and the 
lire would be extinguished 
by a strong draught. The 
slow current enables the 
ret arts to get the full bene¬ 
fit of the heat. The heat¬ 
ing of the retorts is aided 
by the combustion in the 
furnace of the inconden¬ 
sable gaseous products of., 
distillation, and, occasion¬ 
ally, as in cold weather, by 
the addition to the spflnt 
shale of a little coal. The 
principal advantages 
claimed for the system as 
compared with the old ver¬ 
tical retort, are:— 

Economy in labour, 
skilled labour and great 
attention not being re¬ 
quired; saving in fuel; 
diminution in cost of 
maintenance* and exten¬ 
sion of life of retorts,in 
consequence of the mild 
and equable "temperature t 
ensured; certainty and 
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, • 
regularity of working; improvement in yield and quality of products from 
. the crude oil. 

In the continuous system of Messrs. William YoungVnd George Beilby 
the retort employed (now known as the Pentland retort) is composite, the 
upper part being made of iron, and the lower of fire-brick, Figs. 125 and 126. 

. The retorts are set in*groups of four, and each group is surmounted 
-nth a quadruple hopper containing as much shale as the retorts themselves. 
At'the lower end, each retort is closed by a faced mouth-piece and steel door, 
and there is a provisionVcfr tlife introduction of steam, (fhe heating of the 

Fig. 125. ’ Fig. 126. 


Il " H J) 



Continuous Distillation of Shale—Young & Beilby’s System. 


group of retorts is effected by means of a gas producer, Fig. 126, consisting 
of a vertical retort built of brick, closed tfy a door at? the top, and provided 
with an exit-pipd communicating'with a system of mains and condensers. 
At its lower end, the retort terminates in a closed fire-place and ash-pit, 
with regulating doors and dampers The dross or small «oal is introduced 
by the top door, and resting on the fire-bars, fills the retort from top to 
bottom, *The upper part of the retort, being surrounded by flues through 
'which the fire-gases are led, is kept at alull red heat. The coal at this part of 
the retort is distilled, and parts with gases and 1 vapours which pass away by 
the exit-pipe to be cooled and condensed. As the coke passes down i» the 
retort it is met by a current uf< steam, which is partially decomposed, with 
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the production of ammonia and water-gas, which pass off with the other 
volatile products. When such coke as has escaped the action of the steam 
reaches the fire-bars, it is burned into carbonic oxide by a regulated 
admission of air. The carbonic oxide passes off by ports at the lower end of 
the retort, and is burned in the flues surrounding the shale retorts. The 
gases from the upper part of the retort, after having been deprived'of their 
condensable constituents, are also returned into, and burned in, the setting of 
the retorts. It is claimed that by this system of firing, less fuel is used than 
by the open furnace, and that the ammonia and iaf recovered from the coal 
more than pay its first cost. , *' 

When commencing work with the Young and Beilby retort, the lower 
portion, having been raised to the proper temperature, is filled with spent 
shale up to the junction of the upper iron portion. Broken shall) is then 
introduced until the* retort is full to the hopper, which is closed by a bell 
valve. Steam is then let into the lower end of the retort, and passing 
through the red-hot material, is highly superheated, and rapidly conveys 
heat to the raw shale in the upper retort, which is further heated by the 
flue gases passing outside. The oil vapours and steam passing off by the 
exit-pipe are cooled and condensed.. The shale at the lower end of the iron 
retort, receiving the firstoeffect of the highly-heated steam, is first exhausted 
of its hydrocarbons, and the downward movement of the whole column 
within the retort having been effected by the withdrawal of a portion of the 
spent shale, the matefiai passes from the lower end of the iron retort into 
the more highly heated fire-brick retort below, where in the presence of 
steam a large part of its nitrogen is converted into ammonia, which passes 
away with the oil vapours and steam. As the column of shale is moved 
downwards by successive withdrawals from below, fresh material is intro¬ 
duced through the hopper at the top, and the operation'is so regulated that 
no shale containing oil is allowed to pass into the highly-heated lower retort. 

By this method of distillation, it is claimed that a larger quantity of 
paraffin is obtained from the crude oil, and the increased yield of sulphate 
of ammonia, as compared with t!hat obtained with any other retort in use, is 
stated tri 1 be no less than from 14 to 25 lbs. per ton of whale. 

The vapours evolved from -the shale are condensed by being passed 
through a series of 70 to 100 vertical 4-inch pipes for each bench of 52 
retorts, the lower ends of which are fitted into a chest. The condensed 
products are aminonia^al liquor and crude oil. From the uneondeused 
products, gasoline is obtained by subjecting them to cold and pressure, or by 
passing them through a coke tower charged with heavy oil, the very volatile 
hydrocarbons dissolved by the oil being recovered by distillation* The 
former process, which was designed by the late Mr. J. J. Coleman, consists' 
in compressing the gas as it issues frodi the condensers to 100 or 120 lbs. 
per square inch, by means of tvyo double-acting pumps, and forcing it 
through three tubular condensers, the first two of which are cooled by the 
circulation of water, whilq the third is cooled to 40° or ,50° below zero by 
the expansion of the gas which remains uncondensed. The compression 
system yields a larger percentage of hydrocarbons than the coke-tower 
system, but*the latter is preferred as being far less costly to work. The 
liquid obtained has a specific gravity of .700 to .715, and on rectification 
furnishes gasoKn? and light naphtha. The uncondensed gas is employed as 
fuel. 

From the ammbniacal liquor, ammonia is obtained by distillation, the 
gas being conducted- from the stills into “ cracker boxes,” or saturators, lined, 
with lead (commonly 4 feet in length,^ feet in width and 2 feet in depthand 
discharge^ through perforated lead pipes into sulphuric acid (50” Twaddoll). 
The sulphate of ammonia solution thus formed having been allowed to settle, 
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is then transferred to another vessel, where it is evaporated, and the 
crystallised salt is “ fished out ” drained and dried. The yield of sulphate 
of ammonia ranges within the wide limits of 10 and 60' pounds per ton of 
shale, according to the class of shale and the system adopted in its distilla¬ 
tion, but averages,about 25 pounds per ton. 

For the distillation of die ammoniacal liquor, column stills, in which the 
liquor admitted at the top comes into contact with steam blown in at the 
bottom, have been found a great improvement on the ordinary boiler stills. 
The column still patented by Mr. Beilby is provided with,a series of saucer¬ 
shaped plates, each alternate plaJe bqing inverted, and all so perforated that 
the liquor trickles £0 the centre of the one saucer, and falling on its inverted 
neighbour below, runs to its outer edge, and so passes from the centre of 
one to tTie rim of the other, until it reaches the bottom of the still, the liquor 
being thus brought thoroughly into contact with the steam, and the 
ammonia being completely volatilised. Mr. Henderson has devised an im¬ 
proved form of column still, with the object of diminishing the considerable" 
quantity of steam employed in the ordinary column still. The liquor is 
admitted in the Henderson still into an annular tray or ditih, round which 
it flows, and from which it falls into a second and thence into a third annular 
traf, flowing round each. It then falls on to »the first of a series of 
diaphragms, consisting of an annular outer channel, and a central dish 
connected with each other so that the liquor may flow round the channel and 
into the dish, and vice versd. The channel and dislf are connected with 
each other by a saddle-shaped cover, the edges of which rest on the bottom 
of the channel and dish respectively, but these edges are scalloped or notched 
throughout their whole length. The liquor in the tray and dish rises to a height 
of about half an inch above these notches. As the liquor follows its course 
from channel to dish’, and dish to channel, through the series of diaphragms, 
the steam, under pressure, is rushing under the saddle-shaped cover, through 
the notches, and forcing its way at,ev»ry point into and through the circu¬ 
lating liquor, thus completely removing the ammonia. At the same time 
the violent agitation kept up throughout the whole course of the liquid pre¬ 
vents to a large extent the formation of a deposit. It is elaiifled that 
while under the older system only ab»ut 3000 to 4000 gallons of liquor 
could be distilled per still per day, no less than 45,000 to 50,600 gallons of 
liquor can be passed through a Henderson still per day, and three steam- 
boilers will suffice for work which formerly required gix similar boilers. 

Crude shale oil is of a dark green colour, and hasj a specific gravity of 
.865, and upwards. The firsj:.8tep in the process of refining consists in the 
distillation of the oil to dryness, in cast-iron po’t-shaped stills, jj'jg. 127 (p. 222), 
into which steam, often superheated, is pissed. The condensingiarrangement 
consists of a series of pipes, extending, with a slight fall, through a tank of 
water. Fig. 128 represents a cylindrical qpndenser. The distilled oil having 
been “ washed ” with sulphuric acid, and afterwards with caustic soda 
solution, is then subjected to fractional distillatjon in cylindrical boiler¬ 
plate stills, Fig. 129, having a capacity of 4000 to 5000 gallons. Steam is 
introduced into the still after the more voMtile constituents have passed off. 
The first product obtained is crude naphtha, and at a higher temperature 
the burning-oil distillate issues from fie condenser, and is collected sepa¬ 
rately. The heavy oil which pistils at a still higher tewperature yields 
lubricating oils and paraffin. 

The shale oil yields in addition acid and basic substances. 

An apparatus for the continuous distillation of crude shale oil, as it comes 
from the retorts, was patented by Mu. N. M. «Henderson, in 1885. The 
apparatus,* represen ted in Figs. 130, 131, 132, and 133 (pp. 224 426), cen- 
sists of a central pritaary waggon-shaped still, connected with two side stills 
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Fig. 130 is a plan and Kg. 131 a front elevation of a set of ail stills, comprising a 
central primary still A, with two secondary stills. B\ IP, and four coking stills, C\ C\ 
C 8 , C , Figs. 132 anu 133 are an enlarged sectional plan and an enlarged sectional front 
elevation, showmg the primary still A, and one, B\ of the secondary stills. The same 
reference letters and numerals apply to the whole of the figures. 

D. Deeper lateral parts of stills, protected from direct fire-heat by being built into 
walls, 5. » » ' 

F. Fire-grate, placed low so as to form combustion chamber betwoen it and the 
ooncave bottom M, oi the stil£ % • 

W. Fire bridge. 6, 7, 8, Flues. • • 

9. Vertical feed-pipe to stills. 1 a Feed-pipes to stills B\ IP. 11. Outlet valves 
from deeper parts of sfcll A, communicating with external piping, 12. 13. Branches 
to feed-pipes, 10. 14. Valves on feed-pipes, 10. 15. Outlet valves from stills B\ B 2 . 

16. Exterimi piping, 17. Branch pipes, 18. Stop-valves—»U connected with stills B 1 IP 
19. Hods, passing through stuffing-boxes, connected with safety stop-plugs inside 
retorts, at the outlets. 20. Internal valves in connection with feed inlets 

21. (Figs. 132 and 133) outer cylinder of feed-heater. 22. Pipe conveying vapours from 
still 7 ^. 23. Pipe conveying vapours to condensers. 24. Inner cylinder of feed-heater. * 
25. End cover^f feeddieater. 26, 27. Pipes for entrance and egress of oil to be heated 
28, 29. btop-cocks. 30. Egress pipes. 31. Stop-val?e for letting off Separated vapour 
air Oi gas. r ’ 

32 Branch pipes from main steam-pipe (n<ft shown) for injecting steam in stills, 
J. /."ana J 1 -. 33. Perforated branches of Fleam pipes 


Fh;. 132. 
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CONTINUOUS “CRUDE OIL STILLS. 


one on each side, beyond which there is, on each side, a set of two or more 
pot-shaped coking skills, connected by pipes with the side stills. The crude oil, 
previously heated by passing through feed heaters, in which the.heat of the ° 
vapour passing out of the still is utilised, passes into the central still, where 
it is kept boiling at the low regulated temperature required for distilling off 
the most volatile fraction. From the back of the still, the increasingly 
heavy portion of its contents is continuously being drawn off into the side 
stills, where at a highe" temperature a heavier portion is being drawn off. 
From the front of these stills, in a similar manner, the increasingly dense 
oil passes continuously off into one of the'coking stills, in which the mate¬ 
rial is distilled to dryness. The feed-pipe in the primary still dips just 
below the surface of the oil, whilst in each secondary still the oil enters by a „ 


Fig. 133. 



horizontal pipe, situated at a short distance above the concavity of the 
waggon-shaped still bottom, the feed-pipe entering at one end of the still 
and delivering the oil near the other end. As the volatile part of the oil is 
distilled off, the remaining oil, becoming heavier, descends to the deep sides 
of the bottom of the still, whence it passes by an outlet pipe in the case of 
the primary still to the secondary stills, and in the case of the secondary 
stills to the coking stills. Thus, 1 without further attention than starting 
the stills, keeping up the heat, and changing the current from one coking 
still to another when required, the work of distillation may be said to goon 
automatically, the oil ip the central and two side stills remaining constant 
in density, and giving off distillates of homogeneous quality. There is thus 
obtained from the crude 6il a set ‘of three fractions, and it is .claimed that 
the work which formerly required 32 separate stills is now effected by nine 
connected stills, namely, the. three continuous stills''and six coking stills, 
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two only of the latter being kept at work at the same time, the others being 
for interchange. • * 

Two years previously,Mr. Henderson patented an arrangementfor the con¬ 
tinuous distillation of “ once run ” oil, or crude oil after one distillation, in the 
ordinary pot stills, consisting of three connected horizontal cylindrical stills, 
Figs. 134, 135, 136, 137, I38*and 139 (pp. 228-232), which may be seven feet 
in diameter by nineteen feet fti length. Each still is fitted with an outlet or dis¬ 
charge pipe in the bottom pt^one^end, and an inlet pipe enters the same end of 
each still at a higher level,* but is continued inside the still to the other end, 
so that the actual inlet may be as far as possible from the outlet. Each still 
is formed with the usual dome or vapour chest into which the volatilised oil 
rises, and,from which it passes by a curved branch into a long horizontal 
cylinder or pipe wherein its*heat is utilised in raising the temperature of 
the oil which is being continuously fed into the first of the three stills. In 
the third still, where there is a tendency for coke or adhesive carbonaceous , 
matter to separate from the oil, there are fitted, inside the still, plates or 
dishes to promote the* circulation of the oil, and to form receptacles for the 
coke, so that it may not adhere to the bottom of the still. These dishes or 
circulating plates extend along the still'on each side of its longitudinal 
central plane, with a middle space between them. 1’teir bottoms are shaped 
so as to be nearly parallel to or concent ric with the bottom shell of the still, 
and they are hinged to straps which are riveted to thp sides of the still, 
their inner parts being supported by feet resting on the bottom of the still; 
while provision is made for attaching chains by means of rvhich the dishes 
can he turned up for cleaning purposes. The oil circulates so as to pass 
from the middle under the dishes or plates and up the sides of the stills, 
returning downwards from the sides towards the middle ; and this circulation 
is assisted and ensured by jets of steam issuing from perforations in the sides 
of a pipe extending along the still near the middle of the bottom. Two or 
more residue stills are provided in connection with each set of three stills, 
iii order that the process may not be interrupted when the residue still is 
being cleaned out. The principle of action of this distillatory arrangement 
is similar to that of thelapparatus previously described. It is claimed that 
285,000 gallons of oil may he put through a set of three stills thus worked 
continuously in twelve days, while not more than 126,000 gallons could be 
distilled in the same stills in the same period under the old system. There 
is also stated to be a considerable saving in labour, fuel*and repairs. 

* In carrying out the process of the continuous distillation of shale oil, 
Messrs. Young and Beilby pretdr to use a horizontal cylindrical still par¬ 
titioned '•transversely in such a manner as to form a numtfci* of separate 
chambers through which the oil passes i» its course from the flilet end of 
the still to the outlet end. Each partitioned space is provided with a vapour 
pipe leading to a condensing arrangement, And the furnace is so constructed 
that the compartments are heated to temperatures suitable for the volatilisa¬ 
tion of the various products, the outlet end of the «till being most highly 
heated and the temperature graduated by successive stages to a comparatively 
low heat at the inlet end. Fractional condensation forms a feature of the 
system. •, 

The burning-oil distillate is washed with aoid and alkali, and undergoes a 
second fractional distillation, wherein an additional quantity of naphtha 
and heavy oil are separated. The burning-oil distillate after being sub¬ 
jected to a tlfird chemical treatment is again distilled, the products being 
fractionated to suit the requirements of the manufacturer; in some 
casos the oils are finally washed with acid, alkali* and water. The crude 
naphtha receives the same treatment with chemiiala and is fractionated by 
distillation. ’ 
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Henderson’s Refining Stills. Continnons System 







Fig. 136. 










Ft Ox 137. Fig. 138. 



Henderson* Refining Stills. Continuous System. 






2 , manufacture of paraffin. 

I 4 v 

From the heavy oil obtained in the first fractional distillation, paraffin 
of comparatively high melting point separates at common temperatures, and 
a further quantity of paraffin is obtained by cooling the oil and pressing the * 

semi-solid mass. • 

It was formerly the practice to separate the soft paraffin from the heavy 
oil obtained in the first fractional distillation, after the drystallisntion of the 
hard paraffin, by bringing the oil into contact with dhe surface of a revolving • 
cylinder, Figs. 140, 141 and 142, through winch cooled calcium chlqride 
solution was made to circulate, the paraffin udhejSijg to the cold surface being 
continuously removed by a scraper. Another arrangement employed for the 
refrigeration of the oil consisted of a fixed cylindrical vessel, Fig. 143 (p. 235), 
holding about 200 gallons, jacketed so as to provide an annular space for 
the circulation of the cold brine. The oil, as it is cooled, adheres to the 
inner surface of the vessel, and is removed by a set of scrapers Attached to 
a vertical shaft, the whole mass being thus reduced in temperature to the 



Description op Figures. 

Fig. 134 is a plan, and Fig. 133 a back elevation of a set of three stills, with 
one of the residue stills. Fig. 136 is a front elevation, partly in section. Figs 137 
and 138 are enlarged longitudinal and transverse vertical sections of the third still, and 
Fig. 139 is an enlarged longitudinal section of one of the feed-heaters. The same 
numerals apply to 'lie whole of the figures. 1 

11,12 and 13. Stills. 14. Furnaces. 15. Lateral openings for Ore gases. 16. Heating 
chamber. 17. Lateral flues. 18. Discharge pipes from stills. 19. Inlet pipe to stills, 
12 and 13. 20. Safety plug valves to inlCt and outlet pipes. 21. Rods connected With 
the valves and passing through stuffing-boxes. 22, 23. External stop-cocks. 24. Domes 
of stills. 25. Curved branches flom domes. 26. Horizontal vapour pipes, forming 
feed-headers. 27. Outlets for vapour. 1 28. Vapour pipes to condensers. 29. Inner 
cylinders of feed-heaters with flanges, 10, and closing platl-s, 31. 32. Inlet pipes for 

, feed oil. 33. Outlet pipes for feed oil. 34, 35, and 36' Pipes conveying heated oil to 
stills. 37. Delivery pipe from still n. 38. Delivery pipe from still 11 to still 12. 
39. Delivery pipe from still 12 to still 13. 40. Delivery pipe from still 13 to residue 

still 41. 42. Dishes or plates (usually applied to the third still) for promoting circula¬ 
tion and for collecting cike. 43. Space between the dishes. 44, Straps or hinges of 
dishes. 45. Feet of dishes. 46. Perforated steam-pipe. 47. Pipo which may be useef 
as a feed-hoater. . ', 

• 

required extent'. It has, however, been found that the expression of the oil 
is more readily effected if the paraffili is caused ,to assume a more distinctly 
crystalline form by the slow coaling'of the oil in considerable bulk, and 
various arrangements for effecting this object have been patented by Mr. 
Hendesson, Mr. Beilby, apd others. 

Mr. Henderson’s apparatus. Figs. 144, 145, 146 and 147 (pp. 236-238), 
consists of a jacketed trough with a circular bottom, across which trough, at 
short distances from each other, discs are placed, dividing the trough into a 
series of narrow partitions. The discs themselves consist of two thin plates 
bolted together, but having a space left between them, and in that space, as 
well as in the jacket surrounding the trough, a circulation of cooled brine is 
kept up. The lubricating oil distillate being supplied to the though, a crop 
of paraffin crystals fornfs on the cold surfaces of the discs, and a set of slowly 
revolving arms carrying sqrapers w;hich press against the disc faces serves 
at once to scrape off the deposit of paraffin, and to expose fresh' surfaces to 
the action of the cold. Extending along the bottom of the trough there is 
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a well-portion or channel in which the semi-solid mass accumulates, and* 
being there stirred by rotating arms on a lower shaft it is readily discharged 
by a pump from the cooler through a pipe to filter-press*. 



The cooling arrangement* adopted by Mr. Beilby, Figs. 148 and 149 (pp. 
239 and 24a), consists of a series of rectangular cilia, sixteen feet long, eight 
ti er deep, and one foot wide, built up vertically id blocks, say, of ten Cells each. 
Between each pair of oil-cells is an interspaije or intermediate cell through 


ELEVATION (WOODEN CASINO REMOVED). 
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which cold brine or cold air is caused to circulate. A period of four days is 
allowed for the slow cooling of the oil and gradual crystallisation of the 
paraffin. At the expiratioli of that time the oil-cell contains a solid slab, * 


1 - 



the crushing and shearing strength of which is 3 lbs. per square inch. Along 
the bottom of each eil-cellrextends a screw, one foot in diameter, the shaft 
of which passes through a stuffing-box at one end of the cell, and on this 
screw being rotated by worm-gearing the slab of oil afid paraffin is sheared 
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away and the mashed material is discharged through a sluice valve at the 
other end of the cell; the descent of the slab by gravitation upon the screw 
as the shearing proceeds being assisted by making the dell somewhat wider 
at the bottom than at the top. From the sluico valve, the mass is pumped 
through a series #f horizontal filter-presses, and as the mass still contains 
oil, it is further subjected to a pressure of 2| tons per square inch in 



hydraulic presses, the paraffii? thus obtained being in thh form of a hard 
cake, known in the trade as “ scale.” • 

The crude paraffin was formerly refried by being several times recrystal- 
lised from shale spirit, subjected to pressure in a hydraulic press, steamed 
to drive off the spirit, and treated witfi animal bharcoal; but this method of 
refining has almost^ entirely given place to wlfat is known as the ““sweating ” 
process, which may be described as follows ij—The paraffin, in the requitesi 
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proportions of hard and soft scale to give the desired melting point, is 
melted and run into pans, so as to form cakes about 18 in. by 12 in., and 
these are allowed M cool. The cakes are then placed in the.“sweating 
house,” or hot chamber, which is provided with a series of racks, supporting 
thick sheets of matting, on which the cakes are laid. The temperature of 
the chamber is raised by means of steam-pipes Jo within about 3” of the 
melting point of the desired product, and the /Jakes are exposed to this 
temperature for a few hours, or until they have, by fractional fusion, parted 
with the oil and low melting point, or soft, param^i which they contained. 
The residual cakes* are then melted, am) tilt fused paraffin intimately mixed 
with powdered animal charcoal and filtered. The purified product may then 
be run into trays so as to f6rm cakes, or direct into the candle moulds. 


Fio. 144. 
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Recently Messrs. Tervet and Allison patented an arrangement for the 
cooling :w:d sweating of paraffin, designed to economise labour and admit of 
the handling of the material in larger quantities. The plant employed 
consists of a cooling*and a sweating house, each subdivided into three 
sections, so that three qualities of paraffin may be treated. • In the cooling or 
outer chamber are arranged in each section twenty cast-iron enamelled pans 
(ten on each side/>f the chamber), 20 to 30 feet (according to circumstances) 
in length, 30 inches in width, and 2 inches in depth. In these pans are 
placed sheets of oarfvas slightly longer than the pans, to allow of,on attach¬ 
ment being made, the pains being then filled with melted paraffin, which ia, 
allowed to cool. On each, side of jeach section of the sweating or inner 
chamber are fitted ten shelves of corrugated steel plate, corresponding in 
position and length to the cooling pans. These plates* are inclined to the 
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front, and are provided with gutters to receive the drainage. The requisite 
temperature of the section of the sweating chamber is usually maintained by 
exhaust stpam. At the end of each section is fixed a sfciall hand-winch by 
means of which the cooled paraffin, adhering to the canvas and forming a 
long cake, is dravjn from the cooling house into the sweating chamber and 
slowly passed over the corrugated plates, the cake cracking, and freely 
parting with the oil and lojv melting point paraffin in this operation. The 



hand-winch also draws the cakes from the sweating house, and the paraffin 
then passes through a hopper into a boiler where it is melted, and blown by 
steam pressure to the “ charooalisers,” after which it is filtered in the usual 
manner. The drainage from the cakes is similarly cooled and sweated for 
the production of a materiaj of lower meSting point. 

The latest arrangement for the refining of crude paraffin by sweating is 
the patent of Mr. M. Henderson. In carrying out this system, a stbve 

or chamber is fitted with a number of horizontal trays, about 21 feet in 

» • 
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lenefh and 6| feet in width, supported in vertically arranged sets on an iron 
framework. Each tray is provided with a horizontal diaphragm of iron 
mime, covered witlf a woven fabric to act as a strainer. Tie stove is 
furnished with steam pipes for the purpose of heating it, find large doors 

Fnf. 147- 



Henderson’s Cboling Apparatus. _ 
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. Debcbiption op Fiovbes. 

Figs. 144 and 145 are transverse and longitudinal vertical sections. Figs, 146 
and 147 are enlarged views of details. 

11. Vertical wrought-iron end plates of outer shell of trough. 

12, 13. Flanged oasfcliron side plates of same. 

14, 15. Bottom plates of same. 

16. Inner shell.of sheet iron. 

17. Discs qf thin metal, riveted on a^rame, 18, forming transverse vertical casings. 
20. Shaft oarrying scraper-arms. 21. Bar to divide the upper part of space between 

discs, and thus cause proper circulation of cooling fluid. 

22. Inlet pipes for cooling fluid. 23. Outlet pipes for cooling fluid. 

24, 25. Projections to hold 17 and 18 in position. 

26. Cast-iron frames in which sockets are formed to receive 35. 

27. Stuffing-box' for shaft.. 28. Plates covering slots. 

29. Bearing piece. ,30. Scraper-arms. 31. Cap to flit scraper-arm to shaft.. 
32. Scrapers.. 33, 34. Scraper lugs. ,, 

35. Helical springs to press outer scraping edges against discs, 17. 

36. Channel into which the congealed paraffin descends. 

37. Lower shrft passing out through stuffing-box, 38, and carrying blades on 
arms, 39. 

40. Discharge pipe. „ 

and ventilators to cool it when Required, the, operations of cooling and- 
heating being conducted in the one chamber. Cold water is first run into 
the’trays.to a depth sufficient to cover the strainers, and then the paraffin, 
nrnvirmalv melted in a. nan outside the stove, is run fti UDon the surface 
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Fig. 148. 



Description oy Figures. • 

Fig. 148 is an end elevation of the apparatus, wherein one of the cooling cells 
or units is shown in section. % 

Fig. 149 is a front elevation with parts shown in section. 

The apparatus is supported on girders b, carried on the columns a. •» 

The unit of apparatus consists of a cell e, having othSr cells, d, on the sides thereof, 
for the purpose of absorbing heat from the liqqjd paraffin umjergoing cooling in repose 
in the cell c. „ 

The figures repfegent a battery consisting of a series of such cells. 

d 1 . Rotating screw or helical cutter. * 

/. Liquid-tight bearing. * • 

a. Outlet valve. 

h. Endpf shaft carrying worm-wheel i, which engages with worm or tangent 
screw j, on common shaft k. • 

* l. Inlet through lower plat® m, of reservoir n. 

o. Rods,attached to plugs closing inlets.* o l . Auxiliary rods attached to plugs. 

<7. Cold water inlets, connected with cold water main t. • 

p. Cold water outlets,provided with valves or cocks 8 , and connected pipes r. 

w. Pump. v. Pipe to pump. ic. Pipe to filter-press x. # 
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of the water, so u to fill the trays. The paraffin is allowed to cool, 
and when it has become solid the water is drawn off. The doore and 
ventilators of the chamber are then closed, and steam turned on to the 
heating coils. As the temperature gradually rises, the liquefied impurities 
drain off through suitably arranged adjustable outlets beneath the strainers. 
When the paraffin has been sufficiently subjected to the sweatmg process, 

Fia. uo- 



Beilby’s Cooling Apparatus. 


the temperature of the chamber is increased by the use of auxiliary steam 
pipes, and the'residual paraffin becoming melted, passes through the 
strainers and rune through the outlets into a receiving tank outside the 
chamber. From this tank, the paraffin, which is maintained in a liquid 
condition, is transferred By pumping, or other means, to the deodorisers to 
be treated with chat-coal, the usual filtration completing the process. It is 
claimed'for this system that considerable economy of labour is effeoted by 
the adoption of the arrangements described for the charging and discharging 
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of the trays and oonduot of the operations of cooling and sweating in the 
same chamber; also that large quantities of material cqn thus be handled 
with planted moderate extent. 

A process fo# the removal of the oil from crude paraffin which was 
devised by Mr. Sterry, consists in kneading the impure paraffin in a weak 
solution of alkaline soap st a temperature about ten degrees below the 
melting point. , » 

*As the result of the adoption of improved retorts for distilling the shale, 
coupled with greater car# in the distillation of the crqde oil and the 
employment of more powerful refrigerators, the percentage yield of paraffin 
has been greatly incjeased, and the quality of the .heavy oils improved. 

The lubricating oil expressed from the paraffin is fractionated by dis¬ 
tillation, and the products are purified by treatment with acid and alkali. 

The process adopted in the refining of shale oil is more complicated than 
that which is employed in obtaining the various commercial products from 
petroleum, and the details are varied according to circumstances. No 
attempt has therefor* been made in the foregoing description to give more 
than a general outline of the principles upon which the manufacture is 
conducted. The object of the shale-oil refiner is, like that of the petroleum 
refiner, to obtain, by the classification of the hydrocarbons present, the 
largest yield of the products for which he has the best sale. 

In the following tables will be found the approximate percentage yield 
from the crude oil of the products specified at two of tlfe principal refineries 
in Scotland, but the percentages are often purposely varied to suit the 
requirements of the market. 


' Young’s Paraffin Light and Mineral Oil Company. 


Gasolene . . . .* 

Naphtha sp. gr. .70010.760. 

Burning Oils : * 

No 1, sp. gr. .802 to .804, F.P. 110° (Abel test) 
„ 2, „ ,8io „ .812, ,, 100° „ 

Crystal (No 1, finished by chemicdl treatment) 
Lighthouse oil, sp. gr. .810 to .820, F.P. 140° 
(Abel test) 

Lubricating oils of various specific gravities 

Paraffin (solid).’ 

Loss.* 


Per cent. 

O.25 

5-75 


3g.oo 


14.50 

11.00 

3050 


Bboxbubn Oft. Company. 

Naphtha, sp. gr. .730 . . . * . . . . 

Burning Oils: 

Pctroline, sp. gr. .800 to .802 , 

No. 1. „ . .808 „ .810 . 

Lighthouse oil, sp. gr. .8i» • 

Lubricating oils . . ' . 

Paraffin (solid).. .. 

Loss.f . , 


,iqo.oo 


5.00 

37-28 


17.40 

12.52 

27.80 


- The commercial products ^obtained from shale oil differ chemically from 
the corresponding products of the distillation of American petroleum in 
containing a larger proportion of hydrocarbons <of the olefine soriap, and’a 
smaller proportion of*those of the paraffine series. 

<1 
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TJSRS OF PETROLEUM PRODUCTS. 


In the foregoing pages an attempt has been made to present, within a com¬ 
paratively limited-compass, the salient features of an industry which in respect, 
to its magnitude and rapid development is without parallel. Keying regard 
to the scope of this volume, the subject has been dealt with from the point of 
view of the employment of liquid and solid hydrocarbons'as a source of light, 
and such descriptions of crude oil or petroleum products as are intended for- 
other uses have been referred to only incidentally and in cases where it 
appeared that such reference was essential to a proper appreciation of the 
character of the* industry as a whole. At the same time, it should be pointed 
out that vast as is the consumption -of mineral oils in lamps, and of paraffin 
in the form of candles, the manufacture of products suitable for use as 
lubricants also constitutes a business of immense industrial importance, 
whilst the growing employment of petroleum as liquid fuel and as a source of 
gas for illuminating purposes opens up a field of incalculable magnitude. 
These considerations may be regarded as justifying the view that this 
immense industry which at present supplies the whole civilised world with 
what has become one of the, necessaries of life, may be regarded as being 
still in its adolescence, and as being not unlikely to reach a stage of develop¬ 
ment which will justify this beifig known as the age of petroleum. In a 
subsequent section, the history of the evolution of the mineral oil lamp will 
be traced with a completeness which has not hitherto been attempted, and 
a full description will be given of the ingenious appliances which have been 
introduced within decent years for the use of this oil as an illuminating 
agent. 



SECTION V. 


LAMPS 

» , 

(OTHER THAN 0 A 8 AND ELECTRIC ) ; 

OIL GAS; AIR GAS MACHINES AND CARBURETTORS. 

BY 

’ BOVERTON REDWOOD. 


CHAPTER 1. 

Historical Description of Damps for use with Fixed Oils. 

A shell from the sea-shore or the skull of an animal was probably employed 
:us a receptacle for the oil of the primitive lamp, but the specimens of lamps 
of stone, earthenware, and metal to be found in our museums indicate that 
at a very early date attention was largely directed to their manufacture by 
the^more civilised nations, and the artiste merit of the antique Roman and 
Grecian lamps is well known. These lamps consisted of a shallow receptacle 


Fig. 150. * Fia. 152. 



for the oil, with one or more nozzles or wick-holders at the side, and were 
commonly of the form illustrated in Fig. 150. Earthenware lamps of similar 
construction, but of less elegapt form, are Still employed in India, provincial 
Russia, Galicia and elsewhere. Specimens of these lamps in the possession 
of the writer are represented in Fig. 151, and primitive lamps of hammered 

iron, one of which wa 8 found by the writer in ubb at Cordova, in Fig. 152. 

* 
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eaeLy OIL LAMPS. ‘ 


Lamps of this description possessed several defects. They emitted much 
smoke and gave tiut a dim light, which gradually diminished in intensity as 
the oil was consumed; moreover, the light was obstructed in some directions" 
by the oil reservoir. 1 

Various ingenious arrangements for maintaining a constant oil level were 
suggested many centuries ago. Thus, Hero of, Alexandria (200 b.c.) devised i 
a lamp, Fig. 153, in which the raising of the ojl was effected by the pressure' 
of a liquid of greater .specific gravity acting through a column of air: A 
solution of bring in a chamber C flowing tnrough a tap drove the air from 
a vessel D through a pipe N into .an 'oil reservoir A. The oil was thus 
forced from the reservoir A into the bird's beak, whence it dropped into 
n receptacle B, which supplied a wick burning at the tail. This arrange- , 



ment, an adaptation of the well-known Hero’s fountain, Fig. 154, in which 
the pressure of liquid in a tube a acts through a column of air b, to drive 
liquid from a vessel c, through a jet cl, was employed, with some modifi¬ 
cations, by King in bils “hydro-pneumatic” lamp (Rees’ “ Encyc.” 1819; 
article, Lamps), and by Barton in 1809 (Patent No. 3272). 

Fig..155 shows Girard’s “‘fountain ” lamp, which is also constructed on 
this principle. The weight of the oil in a reservoir 'A operating through 
the column of oil, a, b, slightly fcompresses the air in a vessel B\ and the 
pressure thus* exerted through the medium of the imprisoned air forces the 
oil from a vessel G through a tube g to the burner h. The tube c, d\ d, 
connecting the vessels B' C is bent like a siphon at the desired distance 
from the upper end, to reduee'the height to which the oil would otherwise 
, be raised, the reduction in height corresponding with the distance that the 
end d is below the surfacb of the oil in the vessel C. 

To prevent the gradual diminution in pressure hue to the falling of fire 
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oil level in A , and the rising of the oil level in B', the vessel A is fitted 
.with an air-tube e/, while the exit end of the tu\>e a b wtyhin the vessel h' 
is surrounded by a short tube of somewhat greater diameter, forming »n 
annular space s s, Vhich is quickly filled with the oil. The effective column 
of oil is thus that portion between the lower end of the air-tube e f and the 
•top of the' annular spaca s t, and this length remains constant until the 
level of the oil sinks .below«e in the vessel A, or rises above s * in the 
vessel B'. . • 

What is known as the ■bird-fountain principle, in whicj) the passage of 
air into the reservoir permits escape «of the liquid, appears to have been 
applied to lamps as early as the sixteenth century by Cardan (D’AUemagne, 


*’n:. *57- 



“Histoiredu Luminaire,” 1891, p. 238; and Rees’ “Encyc.” i8i9^article, 
Lamps), and later by Miles in 1781. • 

Fig. 156 represents an arrangement of yds charaetej. A is an oil vessel 
with a stopcock 0, ap air-tight stopper o' ,and a tube a b, open at |x)th ends, 
inserted through an air-tight stuffing box x. The stopcock 0 being closed 
and the stopper o' withdrawn, the vessel A is filled with oil. On the 
stopper being replaced, and thfe stopcock opened, the oil ^ill rise in the 
branch c to the level n n, corresponding with the lower, end of the tube 
a b. If the burner of a lamp be attached to the branch e, and the oil 
gradually consumed, the level will remain constant, a few bubbles of air 
passing froin*time to time from the lower'end of the tub£ a b into the vessel 
a, and a corresponding volume of oil flowing into* the branch c. 

Fig. 15 7 represents a reading lamp embodying this principle. It is provided 
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ear£y OIL LAMPS. ' 
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with a bottle-shaped reservoir A, having an outlet capable of being closed 
by a valve a. When the reservoir, having been filled with oil and inverted, 
is placed in the easing B, the valve is lifted in consequenoe of ,its spindle 
coming into contact with the bottom of the casing. The oil then flows into 
the easing until on a level with the mouth of the reservoir, and passes to 
the wick. As it is consumed and the level bqooiqes slightly depressed, air 
enters the vessel A and permits a little more oil to flow out. 

Another application of this principle is made in Caron’s stopcock, Fig. i 58. 
The hollow plug,of the cock is divided into hn upper and a lower compart¬ 
ment by the partition a. Two round oppositely placed openings e and 0, 
one in the upper and the other in the lower compartment, correspond with 
the apertures e and o' in the socket of the plug. In the position of the 
cock represented in the drawing, the upper aperture e is closed, while the 
lower aperture 0 is in direct communication with the oil in the circular oil 
vessel A A. An open tube m n, the lower end of which is at the same level 
as the burner of the lamp, supplies air as it is required, in the same manner 


1’IU. 160. 



as the tube, a b'va Fig. 156. The supply of oil to the bprner is furnished by 
tubes proceeding from the sunk part of the vessel q q. When the oil vessel 
requires replenishing, the plug is turned so that the upper aperture e is 
in communication with A A through e, while the lower aperture 0 is 
closed, spid thuB all connection with the burner cut off. 

The principle of the hydrostatic balance, Fig. 159, in which a heavy liquid 
in one limb of a vessel of the form shown raises a lighter liquid in the other 
limb to a height dependent on the relative densities of the liquids, has also 
been applied to lamps for raising the oil to the wick., ‘ In the hydrostatic 
lamp of Thilorier, Figs. 160 and 161, introduced in 1825, the oil is raised from 
a chamber B by the pressure of a strong solution of zinc sulphate contained 
in a vessel A ; the relative specific gravities of the two liquids being such' 
that a column of oil 15.7 inches (n height is supported by a id-inch column 
of the solution. The column of oil in the tube a b, at the upper extremity 
of which the burner is situated, add the column of zinc sulphate solution in 
the tube e d, above which is the cistern A containing the supply, both 
terminate in the chamber B, pnd the Sow of sedation from A is regulated by 
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means of the air-pipe o p in the manner described in connection with*Fig. 155." 
The cistern B is completely filled with the two fluids, the tube e d terminating 
’ at its lower end below the level n n of the zinc sulphate ‘solution. During 
the eombtfcfion qf the oil the level n 71 gradually rises until the vessel B 
becomes filled with the solution. A further supply of oil must then be 
introduced through the burner, the solution being thus displaced and driven 
' back to its former position, vt-hilo air is allowed to escape from the vessel A 
beUveen the conical collar h of the tube 0 p and its seating. The oil which 
overflows the burner passejj through the tube i into tfie movable vessel q. 

In an arrangement proposed as #atiiy as 1698 by Robert^t. Clair (“ Phil. 
Trans.” 1698, vol. xx. p. 380), the oil was supported at the desired height by 
floating it upon waiter, the level of which was gradually raised, as the oil 
was conswmed, by the continuous addition of water in regulated quantity. 

In 1787, Kiel- constructed a lamp having an oil chamber open at the 
bottom, and floating on salt water contained in a larger vessel. As the oil 
became consumed, the level of the water rose in the oil chamber, and the 
increase in the distance between the surface of the oil and the flame which, 
would otherwise have ensued was thus prevented. • 

In the well-known form of night lighten which the wick floats on the 
surface of the oil, another method of preventing any increase in the distanco 
between the surface of the oil and the tlaine, is represented. 

Another device for furnishing the wick with a uniform supply of oil is 
exemplified by the “Automaton" lamp invented by Poster in 1804 (Patent 
No. 2768). This consisted of a rectangular box, Fig. 162, so weighted and 
balanced that as the oil was burned, the containing vessel gradually assumed 
the inclined position shown. 

In Hero’s self-trimming lamp, Fig. 163, the effect of the depression in 
the oil level was provided against by the automatic raising of the wick by 
means of a float G, acting through rack and pinion gearing. 

The oil lamps still used in parts of, Spain, are in some cases provided 
with a rack and pinion for adjusting %he position of the reservoir and thus 
regulating the supply of oil to the flame. This arrangement is shown in 
Fig. 164, which represents a lamp in the possession of the author. . 

In Bordier-Marcet’s* 1 Agtral ” lamp, fig. f 65, an annular oil reservoir of 
large area was adopted with the object of minimising the alteration in the 
oil level. 

Arrangements which obviate the necessity for any adjustment of level 
by supplying the oil to the flame, otherwise than by capillarity, in quantity 
slightly in excess of that which is required, have at various times enjoyed 
considerable popularity. Thus,Tin the well-known “ Moderator ” lamp, Figs. 
166,167,168, the oil is raised by the descent of a piston actuated by a spring. 
This arrangement was first suggested Ify Stokes in 1787 patent No. 
1627), and was subsequently adopted by Allcock in 1806 (Patent No. 2903), 
and Farey in 1825 (Patent No. 5214)-, The*present form of the lamp is due 
to Franchot, who introduced it in 1836, and patented it in England in that 
year through the agency of Houghton (Patent No. 7265). 

In the lamp figured, uniformity in the sypply of oil, notwithstanding the 
gradually diminishing pressure everted by the piston, is secured in the 
following manner. The oil supply-tube Q, is constructed-in two pieces, one 
fitting into the other. The lower section, which is of the smaller diameter, 
passes through, and is attached At its lower end to the piston. The upper 
section is fixed to the burner and forms a sheath for the*lower. A small 
rod or wire Gf is fixed in the upper tube anjl extends as far as the commence¬ 
ment of the lower and narrower tube when the piston is at the bottom of 
the cylinder. • When the spring is wound hp and the oil supply tube become? 
telescoped, the wire ,G extends throughout the small tube. Therefore, 
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when the spring is exerting its greatest pressure, the oil passing to the" 
burner through the annular space between the wire and the tube meets 
with the maximum amount of resistance from' friction*and this retarding 
force gradually diminishes as the piston descends and the spring exerts less 
pressure. By adjusting the annular space to the strength of the spring 
the flow -of the oil may Ire rendered practically uniform. The surplus oil 


Fig..166 * 



flowing over the burner return* to the cylinder above th«T piston, and the 
fresh charge of oil is added to it. On the piston being raised, a vacuum is 
created benflath it and the oil above it passes betiyoen the leather flange 
A a and the cylinder into the lower space. 

A modification of the Moderator lamp, known as the “ Diacon,” was at 
■one time employed to a considerable extent in America.. • 

A somewhat similar arrangement, patented in 1827 by Boberts and Upton 
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(Patent No. 5567), said to have been used for burning seed and common 
fish oils, is shown in Fig. 169. In this lamp, a weighted plunger M, working 
in the oil reservoir,'drives the oil to the burner B, through a pip e G, provided 0 
with a tap Q. The excess of oil passes to a cup II, whence.it flows through 
a pipe into the upper part of the reservoir. When the,piston is raised, a 
valve in it allows this oil to pass into the lower part of the reservoir. 

In Meyer’s “Elliptic” lamp (Patent No. 7833, a.d. 1838), Kg. 170, the 
oil is forced through a tube I) to the burner by the action of a leather 
piston B, working in a reservoir A, and' pressed down by a spring F. 

The tube passes air-tight through the .piston, and is independently movable. 

It widens towards the burner, and encloses a capillary silver tube, through 
which all the oil passes to ‘the burner, the fine bore counteracting the pres- . 
sure on the oil, and ( only allowing the required a,mount to pass. In 'charging 
the reservoir, the piston is raised by a rack and pinion worked by a key 
IK. 

In a lamp patented in 1840 by Thomas Young (No. 8468), and shown in 
Pig. 171, the oil is contained in a flexible bag forming the reservoir, which is 
subjected to thfc pressure of weights of annular form j, the oil being thus 
forced to the burner through a cock controlled by a float k, resting on the oil, 
which surrounds the wick. 

Somewhat later, namely, in 1845, Roberts introduced a lamp (Patent 
No. 10,842), Fig. 172, in which the oil is raised, not directly to the 
burner, but to suck a height that the capillary attraction of a wick 
is sufficient to complete the operation, by means of a weighted collapsible 
vessel C, which may be lifted and held out of action when desired. The 
unconsumed oil is returned to the supply tubes through supplementary 
tubes at f. 

None of these methods for supplying the flame with oil enjoyed as wide 
a popularity as that of Oarcel, whose lamp, first introduced in 1798, is still 
used to a limited extent by the French,, and has been largely employed pn 
the Continent as a photometric standard on account of the unvarying light 
which it furnishes. In this lamp, Kgs. 173, 174,175, the burner is connected 
with a forked tube b, through which the oil is forcet( from a reservoir A by 
pumps, each of which consists of a box closed above by a diaphragm of gold¬ 
beaters’ skin fitted to a rod, to which a reciprocating motion is communicated 
by clockwork II. As the diaphragm rises, oil enters the box through a valve 
at one end, and as it descends, the oil is driven through another valve into 
the tube b. To ensuje uniformity in the supply, three pumps c, Fig. 174,,, 
operating successively, are employed. Each has a separate chamber from 
which it is supplied, but the ‘space above the exit valves is common to all. 

The overflow, from the burner passes over its edges into the cistern A. 

The figures represent the Cared lamp with Penot’s improvements. 
Slight modifications have also bpen introduced by Gagne&u, Nicod, and 
Oareau. 

Varicus devices have been employed for minimising the objectionable 
shadow oast by the reservoir, which in many cases, as in that of Worms’ 
lamp, Figs, 176, i77f at one time-popular on the Continent, obscured a large 
area round" the base of the lamp. • 

Fig. 178 shows'a study-lamp, having the reservoir’ a arranged at the 
side of and Kfejiind the flame, so that no shadow is cast in front, and 
furnished with a shade k carried by a support m n to reflect a further 
amount of light downwards. , 

In the “Astral "lamp, already inferred to, Fig. 165 (p. 247), the shadow ij 
minimised by curving the inner surface of the annular reservoir so as to reflect 
light downwards. In the “'Sinumbra" lamp of Phillips, Fig. 179, the reservoir * 
has a sharp wedge-shaped section, as shown, and no shs dow is cast. 
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A curious proposal for recovering the uncotummed matters of the flame 
is that of Besnard, w,hose “ Alembical ” lamp or lantern (Patent No. 1331, 
a.b. 1782)had an “alembical capital,”or head, 
Fio. 173- which was said to arrest the smoke and un- 

consumed vapours and return them to the oil 
reservoir. , 

Prior to the year, 1782, no attempts appear 
to have been made to regulate the amount or 
direct the flow ot the air which supplies the 
flame, thebglf the use of the chimney had 
been proposed by Quinquet, The well-known 
lamp of Ami Argand, however, introduced in 
France in that year- and patented in England 
in 1784 (No. 1425), was furnished with a 
burner having a tubular wick, through and 
round which the air was directed as shown, 
in Fig. 180, by the use of a chimney. By 

Fig. 174, 





suitably adjusting the size and position of the 
chimney, the air supply was so regulated and 
directed on to the flame as to produce enhanced 
brightness and almost to do away with the 
smoke; .This invention undoubtedly consti¬ 
tuted the greatest advance which has ever 
been faade in the construction of lamps, the 
Argand burner being now used, almost in its 
original form, for liquid and gaseous illumi- 
nants. 

The oil in the original Argand lamp was 
supplied to the wick on the “bird-fountain” 
principle, and the chimney was simply an iron 
tube suspended over the flame, but this was 
soon replaced by a glass chimney. The form 
of the chimney was in the first instance 
cylindrical, but it was found that better results were obtained when the • 
lower part was made 6f somewhat greater diameter than the upper, or when 
the tube ‘was furnished with a constriction at such a height as to direct 
itl\e air current on to the flarqp. The first of these two modifications was 
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adopted by Smethurst in 1802 (Patent No. 2654), and is usually said to 
have been invented by him, though it is shown in drawings of French lamps 
of the tinje. of the Revolution (D’Allemsgne, ‘ “ Histoire du Luminaire," 

Fig. 175. 



1891, pp. 386 and 392). A chimney, the lower portion of which was 
spherical, weft introduced in 1808 by Seward (Patent No. 3148). 

* Following the invention of Argand, numerous devices aiming at more per¬ 
fect combustion in the flame were introduced. Thus in thfe “ Liverpool " lamp, 
Fig. 181, the Argand burner is fitted with a rod terminated by a plate-a. which 
is so adjusted that the air passing through the tube surrounded by the wick, 





















256 ‘ T^E “ LIVERPOOL BUTTON." 

is deflected against the flame, imparting to it the globular form shown, and 
producing a more brilliant light. 

This plate or deflector a, generally known as the “ Liverpool button," 
has been largely employed in other lamps, including Young’s well-known 


Fig. 177. 



Vesta lamp, described in the next chapter (p. 268), and the lamp of Roberts 
(Patent No. 10,842. a.d. 1845), Fig. r ^ 2 - Four substitutes for the deflector 
( J , Fig. 182, described by Robeits in his specification, are shown in Fig. 183, 
two being perforated and supplying the air in a steady stream to the 


Fig. 179. 



flame, and two being trumpet-shaped, one open at the top and furnishing two 
currents of air, whilst the other is closed at the top and 'perforated at 
the sides. An important part of Roberts’s "invention, foreshadowing the 
principle of some of the burners nbw in use, consists in the employment, in 
addition to the deflector e, of two tubes of Wedgwood or other material ,j g, 
jPig. 182, which deflect the ai^ on to the outside of the flame. These tubes are 
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dispensed with in another of Koberts’s lamps, the air passing between an 
outer tube and the wick, and coining out just at the edge of the latter, the 
tube being perforated at the bottom and gradually narrowing at the top, so 
that the air escapes in contact with the wick.* , 

Figs. 184, 185, and 186 exhibit the details of a bvjrner introduced in 
1840 by Benkler of Wiesbaden, and extremely popular at one time. The 
important feature of this burner consists in the insertion of a slightly 
conical brass ring d d between the lower part of the ‘glass chimney a a and 
the upper part b b, thus forming a sudden contraction, the opening in the 
metallic ring beihg of the same diameter l.s the wick. The outer air current 
is thus driven at a sharp angle against the flame, which is rendered 
narrower and much longer. This burner is stated to have furnished a 
white light of greaf, intensity. 1 

This principle was also adopted in the Birmingham “ Solar” lamp, which 
was at one time largely used for burning the commoner oils. The air is 



deflected upon the flame by a metal or glass device, of conical or other shapp, 
a, four formB of which are shown in Fig. t i87. In form 1, the deflector 
may be described as the conical top of a metal box; in form 2, it is of glass 
with a met@l ring round the mputh; in form 3, it is carried by an open 
or skeleton frame; and in form 4,,fhe cone is replaced by a flat metal ring, 
fixed on a skeleton support, the external edge of which fits the glass 
chimney. 

In the lamp of Boberts & Upton (Patent "No. 5567, a.d. 1827) shown in 
Fig. 169 (p. 251), the trtr supply is regulated by an arrangement A, consisting 
of a fixed and a movable plate, both similarly perforated so that the per¬ 
forations‘may be closed or opened by adjusting the < movable plate. In 
Young’s lamp previously described, Fig 171 (p. 252); the aiv is supplied to 
the flame at the requisite point, by the use of a perforated annulus h. 
This arrangement was also employed in a lamp patented by the same 
inventor in 184'i (Patent No. 9024), the chimney being perforated, or 
formed in two parts, vthere the plate is inserted, and having arrangements 
for raising or lowering it Jo regulate the air supply. Fig. r 88 represents one of 

‘ * Roberta had previously, namely, in 1843, patented a cornpoui^l perforated disc or ring air* 
t deflector, describoa in the next chapter (see Fig. aoo,p. 369). 
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Thomas Young’s portable lamps in which the air is supplied through wire 
gauze surfaces c d, which break up the currents and minimise the bad effects 
of sudden draughts. 

Fig. 189 is a section of a “ spirit ’’ lamp introduced by William Young in 
1843 (Patent No. 9989). The air passes through a perforated tube k, and 
through the wick-surrounded tube, the wick being partly cut away—that is, 
being only semi-cylindrical at the lower part—topermit such passage of the air. 
One, two or more plates, carried by a bar u, deflect the'air into the flame. Fig. 
190 depicts a hand oil lamp by the same inventor. -The air passes to. the flame 
through a iiort {perforated tube F’, fixed Cb tubes F surrounding and attached 
to the upper parts of tubes or holders C, carrying the wick or wicks. These 
wick-carriers arc secured to a threaded ring working in an internal, thread 


Fig. 188. 



and C, |he latter rise or fall in the tube D and thus adjust the wick. 

Fig. 191 shows another lamp patented by William* Young (Patent No. 
1675, a . d . 1857), ii\ which the wick is surmounted by a perforated metal 
annulus h f forming the burner. The air passes to the flame as shown by 
the arrows, partly up deflectors on a tube d, and partly through grooves 
on a wooden tubq b. The tube d has a horizontal passage into the tube /, 
and on the latter tube the wick-holder g slides. 

Fig. 192 (p. *63) represents a lamp introduced by James Young (Patent 
No. 489, a.d. 1858) fqr railway signalling. The chimney is dispensed with, 
the lamp case being arranged as shown, and perforated below so that the 
air is supplied to the burner as indicated by the arrows. Fig. 193 (p. 264), 
exhibits the form of a lamp invented by King in 1859 (Patent No. 2967), 
t in which the wind-guard E is perforated to admit air, and is coned at the. 
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top to direct the current on to the flame. The globe gallery is supported 
.by perforated wings or brass wires P, to minimise any ebstruction of the 
passage of ain An invention 
for supplying oxygen instead 
of air to the inner tabe of the 
.Argand burner was patented 
in 1^39 by Gurney and Jftixon> 

(Patent No. 8098). , 

Two arfangements for fur¬ 
nishing a current of air to 
the flame were introduced 
respectively by Halpin (Patent 
No. 8689, a.d. 1840) and Kao 
(Patent No. 2301, a.d. 1861). 

In the former, air or oxygen 
was supplied to the flame by 
theuseof afanof blowei*, driven 
by clockwork or otherwise, 
orfrjjm n reservoir; wliilst in 
the latter, which' is shown in 
Fig. 194 (p. 264), and was in¬ 
tended for burning heavy oils, 

11 current of air was caused to 
pass up the tubular pedestal of 
the lamp to the burner «, by 
the use of a small supplemen¬ 
tary lamp f, placed at its base. 

It.should be noted that an ar¬ 
rangement of bellows for sup¬ 
plying 1 ogular currents of air 
for “lamps, forges, fires or 
furnaces,” had been patented 
in 1839 by Lamb (Patent No. 

8003). 

For burning thick crude 
whale oil, which will not ordi¬ 
narily pass up the wick, the 
hflnp shown in Fig. 195 (p. 265) 
was introduced by Parker in 
1838 (Patent No. 768^). The 
reservoir, which acts on the 
bird-fountain principle, sni’- 
rounds the upper part of the 
chimney, which is made of 
metal, so that the uil, under 
the influence of the heat to 
which it is subjected^ becomes 
sufficiently fluid to flow easily. 

The lamp has a stationary wick 
which is renewed each time 
the lamp is used, and the 
chimney is adjustable by a 
rack and pinion so that the 
draught may be regulated. 

A proposal to increase the luminosity of the flame by surrounding the lower 
part with a wire spiral, was made in 1840 by Thonjas Youn£ (Patent No. 8468).. 
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Attention was directed at a very early date to the wicks of laihps The* 
old Boman lamps had wicks of oakum or Carpasian flax, and the lamps 
• employed by the vestal virgins are said to have had wicSs of asbestos. As 

Pig. 192. 



early as thevear 1684, Dr. Robert Plot, in an almost fofgotten paper read 
before the Pnilosophical Society of Oxford (see “ Phil. Trans. 1684,” p, 806), 
proposed for sepulchral or pebpetual lamga, the use of wjcks of asbestos or of 
gold or othef metallic wire “which will lick up qyl as well as any other wick,” 
though he states that a wick of iron wire is not good. 
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In 1822, A. and D. Gordon (Patent No. 4638) proposed the use of wicks 
composed of bundles of threads or capillary tubes of platinum, gold, silver, 
copper, glass, &c., bound together with metal gauze or wire; (ind in 1845 
Roberts (Patent No. 10,842) suggested the employment of,wicks of bamboo, 
cane or porous wood, and of an asbestos wick fitted between two concentric 
tubes perforated below for the passage of the oil. 

The principal improvements, however, related to the cotton wick. The 
flat ribbon wick, which,appears to have been introduced in 1773 by Leger, 

< , 

t Fio. 193. t Fio. 194. 



was soon improved upon by Argand, who introduced'the tubular wick, 
Pig. 180 (p. 257); this again, has in large measure been replaced by a flat 
wick of suitable width which readily adjusts itself round the inner wick-tube, 
and is preferable to an ill-fitting tubular wick. King (Patent No. 2967, 
a.d. 1859) bifurcates the lower part of the wick, the holder being similarly 
formed to receive it. ' ' , • 

Pig. 196 represents a burner, introduced in 185 7 by William Tioung (Patent 
Nb. 1673, a.d. 1857), fitted ‘with two wicks d, which are supplied by a single 

wick c. Pig. 191 (p. 262) shows a lamp described in the kune specification, and 
* « 1 
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, . T* e a !LT geme “ t8 employed in these various lamps* for adjusting the 
height of the wjck present no particular features of importance. Hero’s 
se -trimming lamp, Fig. 163 (p. 248), has already been described, and 


K10.195.* 



certain simple methods of adjustment by hand are shown in other drawings 
or have been mentioned. In the “ Sinumbra” lamp, Fig. 179 (p. 256), the wick 
is Ramed by a holder having a shcS-t pin working in a spiral groove in an 
inner cylinder /, and another pin working in a straight slot in an outer 
tube b connected with the lamp gallery. , The wick is thus raised or lowered 
011 turning the gallery.* • 


. CHAPTER II. 

, The Evolution of the Mineral Oil Lamp. 

• ♦ i # 

Although the description of lamps for use with fixed oil^given in the 

previous chapter applies generally to £he mineral oil lamp and exhibits the 
earlier stages of its evolution, the latter type of lamp has so many charac¬ 
teristic features and has so completely displaced the former, that a separate 
chapter may well be devoted to a consideration of jts development? 

- The special features of mineral oil lamps are mainly due to the compara¬ 
tive volatility and inflammability of the various descriptions of mineral oil 
commonly uspd for illuminating purposes, as well as to the liiglf percentage 
of carbon in the oil; these conditions tender it necessary to guard against 
any considerable elevation of- the temperature of the buMt of the oil, and 
especially against the ignition of an inflammable or explosive mixture of 
petroleum vApour and air which may he formed in the upper part of the 
“amp reservoir, whilst at.thessame time thh illuminant must be continuously 
supplied in proper quantities to the flam*, and air.admitted in such a manner 
as to produce a brilliant light by the smokeless'and odourless combustion*of 
the oil. There are also details of construction peculiar to lamps for burning 
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mineral oils which are not covered by the foregoing general definition, such 
as devices for facilitating the lighting and extinguishing of the lamp, as 
well as arrangements for minimising the risk of ignition of the oil in case 
of accident to the lamp. These will be exemplified in the following descrip¬ 
tion of typical forms of mineral oil lamps. r 

As early as 1818, a patent was granted to Sijr Thomas Cochrane (Patent 
No. 4241) for “lamps for streets, which effectuate and regulate the combus¬ 
tion of a certain purified essential oil or spirit obtained from different 
ligneous, carbbnaceous, or bituminous sub- 
Flu ' ' 91 .' stances .r suhlly called spirit of tar or oil of 

U. tar." The wick-tube was, varied in length, or 

_ n the passage of the oil was retarded by thb 

^ , ■ insertion of sand or other material into the 

j j burner, according to the density of the oil, so 

that the illuminant should not be too rapidly 
j supplied to the flame. 

A patent was obtained in 1S41 (No. 9195) 
by W. E. Newton, for improvements in vapour 
and other lamps for burning petroleum and a 
- < large nnmber of other substances, of which a 

list is given in the specification. The inventor 

^ =5=^=?^” ' describes various burners suitable for con- 

suming oils of different densities; he also 
E 1EX claims the use of wicks of glass in the form of 
jU ——= thread, twist, tissue, or gauze, though such 

ErXrEEE EErr, wicks had been proposed long before, as stated 

r.-EErrE— T.’iEE f| in the previous chapter, 
i—-"X- EE-XEr I - Pig. 197 is a section 

E’ELEEEEr'^E If of one of his vapour 

zz =~~r. ~= r . , ■ lamps, in which the 

!*"—EEEEEErEE iV heat of the flame 

i - z~:. . ' ;ij volatilises the oil in 

: :E j~ -~ \\ ‘ !k|jj , a chamber A, sup- 

E"- E |W.' plied from a recepta- 

Ml de G having a supply 

fj reservoir N. The oil 

I" r XX^i |WLn flows from the vessel 

7-—A/ |jl G to the chamber A 

ll J Jfll Mj-T—— J . us 88 & °° n ' 

'feSi*! f WliW sumed, an air cham 

\ X.:i EJp€r~m, [XXirtT 1 berA'communicatinj 
LX)rEr.:-r|E z / I / with both admitting 

j LU a ; r to the vessel G at 

- : T =^0 the level falls. The va 

pour from the cham 

E’' J * ' her A passes througl 

the burner tube and "burns at a small jet C of platinum or other metal. 

The first lamps, however, in which mineral oils were burned to any grea 
extent were the so-called “ camphiriB ” lamps, previously introduced for us( 


with oil of turpentine. . 

Pig. 198 shows a lamp introduced in 1842 by William Young (Paten 
No. 9368. It has a number of flat wicks arranged so a* to form 1 
roughly tubular wick, and having the air passing round and between them 
They receive the oil through a tubular wick C, against which they ar 
pressed by springs E. Sometimes a single flat wick, bent into a tubula 
form, is used, the nearly meeting edges being sufficiently distant to permit th 
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passage of .air between them. To regulate the amount of surface exposed to 
the flame, the wicks are surrounded outside by a ring or tube m 3 and inside 
by a ring or tube m, both carried by a holder m 3 adjustable vertically on 
the lamp body. Thus the amount of wick exposed to the -flame is varied 
by raising or lowering the holder. 

Fig- 3 99 represents the burner of James Young’s well-known “Testa ” 
lamp, which is.of the Argand form with a 
“Liverpool button’* for deflecting tile 
internal current«of air, entering near the 
pinion hhndle and passing through the 
burner to the inner,side of the flame. 
The wick-tube is encircled by a cone, the 
outer current of air entering between the 
two and impinging on the flame. This 
lamp was introduced for burning cam- 
phine, but was also largely used for burn¬ 
ing the oil obtained by distilling shale. 

In 1842, George Roberts (Patent Ho. 
9446) introduced a lamp, Fig, 200, in 
which the air is directed upon the flame 
at different heights by rings or perforated 
discs, i, j, k , l, of regularly decreasing 
internal diameter, the ring i being of 
somewhat smaller diameter than the flame. 
The air passes through openings in the 
frame e , and travels up to the rings, within 
a tube 7 ii. 

Fig. 201 shows Roberts’s “ Gem ” lamp, 
which is said to have been the best cam- 
phine lamp of its- time. The internal air 
current passes to the Argand burner 
through a tube a, traversing the reservoir, 
anil is directed 014 to the flame by a de- 
i- Heitor./ - . The external air supply passes 
through two series of holes in the gallery 
supporting the chimney. 

Several deflectors patented by Roberts 
in 1845, and depicted in Fig. 183, have • 
already been,.described. 

1 Prior to the year 1859, the only 
lamps used in America for burning petro¬ 
leum werq imported from Vienna, but in 
that year no fewer than forty patents were 
granted in the United States for petro¬ 
leum lamps and burners.and appliances in 
connection with them. The number of 
patents taken out subsequently increased 
from 71 in the year 186b to 186 in 1876. 
Fig. 202 represents four of the old 1 mineral oil lamps formerly in use in the 
United States—f.‘being a spring-catch brass stand-lamp, introduced in i860; 

11., a glass stand-lamp, with the Hale burner, which was patented in 1858; 

111., a screw-catch glass stand-lamp ; and IV., a spring-catch lanp. 

101852 or 1853, StobWasser, of Berlin, introduced hiss “ Solar Oil Argand - 

Burner,” for use with.the “photogepe” prepared by Roblee, of,Hamburg, 
by distilling coal, as well an a flat-wick burner for the oil obtained from 
lignite. The latter form of burner was soon adopted, With some modifioa- 
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tions, for burning shale oil, and was largely manufactured by R. Laadlaw 
and Son for Young's Paraffin Light and Mineral Oil Company. 

Meanwhile, in this country the improvement of appliances for burning 
mineral oils was steadily progressing, and in 1865 J. and J. Hinks obtained a 
patent(No. 2785) fpr their well-known duplex burner. This burner, which had 
been foreshadowed in a two-wick burner constructed by Angus Smith and in 
William Young’s two-wick bbrner which is shown in Fig. 1 q6,and has been pre- 
vibusly mentioned (p.» 264), lias two or more wicks placed in tubular holders 
a b, Fig.,203 (p. 271), of Straight or semi-cylindrical or other curved form, so 
arranged that the flame shall be of duplex or circular, elliptic, or other form. 
The air supplied to^the inner surface of the flame enters the tube c through 


Fig. 200. 



branch tubes, the qpen ends of which pass out between the wicks; whilst that 
supplied to the outside of the flame passes through h perforated plate m, into 
the dome*, which is provided with openings h l for the passage of the flames. 
In the present form of the Hinks duplex burner, two flat parallel wick-tubes 
are employed, and the wicks are not brought together at the base of the 
burner in the manner exhibited in the figure. A duahburner, having two 
flat wicks in a cone furnished with a single slot, was patented in 1871 by 
Holver Ilolverstone, of Cambridge, Mass. Litigation between this inventor 
.find J. and J. Hinks_ resulted in an amicable arrangement. 

In 1866, T. Rowatt patented (Patent No. 203) his “Anucapnic” burner, 
Fig. 204 (p. 2 7 2), in which two distinct air-currents are produced and directed 
on to the flame, without the use of the ordinary chimney, by means of two 
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'cones or deflectors df the outer of which rests on the perforated flange of 
the inner, air being supplied to the inner cone through apertures e, in its 
support b. ‘ , 

Thomas Rowatt and Sons patented an improved “ Anueaphit ” burner 
in 1878, and introduced their “ Lome ” burner, Fig. 205 (p. 272), in 1882. In 
the latter, the wick-tubes are inclined, so that the flames coalesce, while the 

wickn beneath the burner are in 
Fio. 201. ■ contact; increased luminosity in 

the flames, and increased capil- 
t lary attraction in the wicks, 
being claimed for this arrange¬ 
ment. 

Fig. 206 (p. 272) shorfs a lamp 
introduced in 1867, by George 
Young (Patent No. 525). The air 
is supplied through perforations 
a e, formed in a casing K and a 
cap F respectively. The air 
supplied at a is directed to the 
upper part of the wick by a Cap 
c and a tube b carried by it. 
Sometimes the cap is perforated, 
and the tube b dispensed with. 

The lamp illustrated in sec¬ 
tion in Fig.207(p. 273)represents 
one of a number supplied from 
a single elevated tank by the 
system patented by Peter Brash 
and William Young in 1867 (No. 
t 1315). Each lamp is connected 
with the tank by a tube, and the 
oil supply is controlled by a 
valve, which is closed by the 
actiomof a float F when sufficient 
oil has entered the reservoir. 
Two wicks are used, and the 
flames coalesce, as in the Lome 
burner. The lamp shown is ar-, 
raijged to give a horizontal flame. 

Fig. 208 (p. 274) represents a 
burner patented in 1870 by John 
Young (No. 1906), which may be 
used with the globe shown or with 
an ordinary chimney. The supply 
of air to the flame is obtained by 
the use of a perforated casing 5 
and a cone 4, the lower part of 
■ which is provided with perfora¬ 

tions through which a portion of 4 he air passes into the chimney. The 
adjustment of thi> burner tube to the proper distance below the cone 4 is 
said to be of importance in obtaining the maximum light. 

In the burner shown in Fig. 209 (p. 274), which was patented by Silber in 
1873 (No. 1304), the ail is supplied to the upper part of the tubular wick, 
which is drawn over, a tube b, by ope or more bell-mouthed or straight con¬ 
centric tubes B C, perforated, at d for the entrance of air. The usual dome 
or cap is’applied above the burner. * 
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Two years previously, Silber patented a lamp provided with an* annular 
dr space passing vertically through the body of the lamp between -the wick 
diamber a^d,the oil reservoir. Oil was supplied to the wick through several 
small tubes connecting the base of the oil reservoir with the wick case, and 
>hus the main bodyof the oil was kept cool. 

The Doty triplex burner, which was patented in England in 1876 through 
;he agency of Morgan-Blown,(No. 893) is represented in Figs. 210 and 211 
pp* 274 and 275). This burner is fitted with three, flat or curved wicks 
massed thnpugh tubes d, which are preferably inclined so as to nearly meet 
it the top in order to prevent umfueienlargement of the deck of the lamp, 
vhile ensuring a goqd supply of air. The wicks, are preferably arranged 


Fig. 207. 



to form a triangular flame. The dome has three intersecting, hemispherical 
enlargements, with openings for the passage of the flames. * 

The “Doty triplex,” as well as the “Champion" and “Regulator” 
burners, which were patented by Ragg (No*. 2220 and 4 * 5 -> a.d. 1878, and 
1007, a.d. 1880), hi&'been largely manufactured by Young’s Parrfffin Light 
and Mineral Oil Company. • 

Figs. 212, 213, and 214 (p. 275) show the original “ Champion’ burner. 
It is preferably constructed with two wick holders F, which are flat at the 
bottom, and gradually shaped to a semi-cylinder at the top, so that the flat 
wicks are brought together in,the form of a'cylinder. ’ The holders terminate 
at the top in a tubular annulus G, through which the wicks pass, and are 
connected by a perforated plate S. The height of the cap or air deflector 
A is varied by means 5 f a Bcrew H until the air, which enters through the 

> ’ . s > 
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perforated casing I, is so directed as to produce a white flame. THe air is 
supplied to the inside of the flame by the perforated cone F, Fig. 214, covered 
at the top Ijy.a cap, or by an arrangement of dduble cones B C, Fig. 213, 
closed at each end by a perforated cap. When the single cone Fis used, the 

Fig. 211. 



space between it and the flame may be divided by radial arms into a series 
of channels through which the air is •stated to pass to the bottom of the 
flame, and divide it into a series of smaller flames, whilst the air from 



the top of the #011 e impinges upon the higher parts of the flame. In the 
" Improved Champion ” burner, Fig. 215, which is intended for burning the 
heavier oils, tjje air is supplied to the flame .thrpugh the medium of a 
vertically adjustable air chamber F, perforated attits base and open above,' 
and by the use of a ^ry large “ Liverpool button ” Jl, perforated at its 
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edge, ahd carried by a perforated support M.* The chimney gallery is 
fitted with a perforated plate E, which directs the air equally round thq 
flame. , 

Fig. 216 exhibits the construction of the “ Regulator,’’ which consists of 


Fig. 216.® 



a cap attached to the cone, and so formed that it covers up a portion of the 
wick, .and protects it from the action of the flame. The regulator prevent! 
the wick from being.raised enough to cause the emission of smoke; it alsc 
facilitates trimming, and, when heavy oils l are 'used, acts by covering fchi 
, corners of the wick, so ihat suclf parts form feeders to the burning portion 
* Many other Argand burners described in this chapter may be used with the •; Liverpoo 
( button.” \ ( 
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a plentiful supply of the illuminant being thus securedi For burning 
heavy oils without a chimney, Ragg fits in the slot in the burner dome a 
shallow trotjgji with the bottom cut out over- the wick. The trough 
becomes much heatjed, and produces a broadening of the flame. 

In the “ Defriess Lamp,” Fig. 217, patented by Sepulchre (.No. 5428, 
.a.d. i88i);'the tubular wick passes between two tubes A B, the tube B, 
which is grooved to facilitate the passage of the oil, being fixed to the re¬ 
movable burner, and kept, concentric with the tube A, by a short tube C, 
secured thereto. The tube .A firms a channel for the conveyance of air 
from the base of the lamp, through *th^<oil reservoir, to tluy interior of the 
Argand burner, whilst the tube B serves to arrest the passage of flame 
. into the reservoir, and prevents outflow of the oil if the lamp is overturned. 

* Fig. 2ig. 



The wick-adjusting mechanism is enclosed between concave and convex 
cups E F, the former fitting gas-tight in the funnel K, through which the 
lamp is charged. The air is deflected against the intyde of the flame' by two 
discs on a tube S, fitted on a wire ft, and the outside of the flame is supplied 
with air through the burner cap < I). Fig. ii8 shows an improved form of" 
air-diffuser, ^A’. *„ ^ 

The “ Lampe Beige,” whibh is made bj the Midland lighting Company, 
has a central air-tube passing through the oil reservoir,"aiJd is furnished 
with an excellent arrangement for raising and lowering the wick. 

Among the chimneyless lamps may be mentioned the “ Empire ” and 
“•Peerless” burners, patented by Rippinjille (No." 668, a.d. 1879, and 
Mo. 2048, a.d. 1884), and manufactured .by the ^Ubion. Lamp Company. 
These burners differ in details of constructiiJn from those previously" 
described, particularly as regards the supply of oil to the flame. 
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Another chimneyless burner, Pig. 219, is that of Lighbody (Patent 
No. 117, a.d. 1874). The air passes to the burner through apertures F, a ( 
perforated plate k, and a perforated cylinder II ; it is thus broken up and 
uniformly distributed. 

In Postleth waite’s “Excelsior Duplex ” burner, the wicks are adjusted 
simultaneously by two pinions geared together, and the two flames, which. 
pass through a single slot in the burner cap, very nearly coalesce, but are 
separated by a thin .stratum of air, which improves the combustion and 
luminosity. To prevent spreading of the 'flame- at the top, two currents of 
cold air are admitted directly to the vhirtiney. 

Pig. 220 represents the “ Excelsior Argand ” burper, manufactured by 
Kiesow r and Co. It has two wicks meeting together to form a cylinder, abd 
secured by wire clips to- a tube, which is raised or lowered by a rack and 


Fig. 220. Fill. 221 



pinion. Thus the wick is not touched by the gearing, and may be of very 
loose texture. The tube also prevents the turning down of the wick to a 
dangerous extent. A “ Liverpool button ” distributes the air to the interior 
of the flkme. v 

The “ Mitrailleuse ” burner, Pig. 221, patented by Retticb, has a large 
number of solid cylindrical Wicks, which are arranged in a circle, so 
that they may be adjusted simultaneously by one winder, and cannot be 
turned down, so as to drop into the reservoir! An air-diffuser with tw r o 
discs aids the ccAnfmstion as in other lamps, and a small platform is arranged 
to catch any pieces of charred wick which fall into the burner. This lamp 
has an arrangement for raising the gallery with the chimneyt.and globe to 
facilitate lighting. " f ... » 

Fig. 222 shows, the “Lampe ^Veritas” introduced by Fijk, Stadelman 
rtnd Co. It is provided with a specially shaped air-diffuser or button, 
and with the wick-raiding arrangements illustrated. 
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Sugg’s “■Westminster" burner is remarkable in being constructed with » 
wick-tubes of steatite. 

• An American lamp, on the Argand principle, patented in 1882 by 
J. Funck, his a long inner wick-tube, extending almost to the bottom of 
the cylinder which serves as an outer wick-case. The wick is held in 
another long tube of thin metal, to which is attached a stud working in a 
■ spiral groove made in a fourth tube extending downwards from the collar 
which supports the cone. The tube which holds the wick is revolved by a 
pinion working in teeth cut in the lower edge of thS cone, so that through 
the action of the spiral groove the.wick is raised or lowered. 

In the American “Rochester” tamp (U.S. Patent tlo. 348,969, a.d. 
»886), an air-diffusdh consisting of a cylinder C, Fig. 233, closed at the top 
* « 

F10.222. • • , Fig. 223. 



and having perforated walls, is used. % l'ue wick passes between the air- 
tube B and a tube 1 ), and is carried by an annulus or hoop J, which is 
raised or lowered to adjust the wick by means of 1* rod A, having a handle 6 
and sliding in a split guide c.* The holdgr J and the.connected parts njgy 
be lifted entirely from the lamp for the insertion of a new wicl^. 

A recent*improvement (U.S. Patept No. 364,438, a.d. 1887) in this 
lamp, consists in fitting outside the tube B a short tube, the upper end of 
which forms the air-diffuser *C\ The use of this tube is stated to prevent the 
creeping of the oil down the inside of the tube B to the base of the lamp. 

, In the “ Royal Argand ” burner, manufacture^ by the New York BrasB 
Company, there are two Wicks, connected by a bayonet catch, one wick 

• A flexible wire suoli aa is employed iu a dentist’s drill idg machine has, in another forty of 
lamp, bean substituted ft* the rigid rod A'. 
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c supplying the oil to the other, which forms the burner wick The burner 
is so constructed that the wick cannot be unduly lowered. 

The “ Waterbmy lamp ”^has an ingenious arrangement for facilitating the 
insertion of the wick, whilst the “ Star ” lamp has an annulaf air-space 
surrounding the wick-tube and passing through the oil reservoir on the 
principle of Silber’s lamp already described. Both these American lamps 
have Argand burners, and are fitted with extinguishers. 


Among American flat-wick burners 
may be mentioned the" “ Sun-hinge " and 
the “Manhattan.” In the former^the. 
cone can be .aiseii, like the hinged liu'of 
a box, for trimming or lighting without 
removing the chimney. ( The latter is 
fitted with a double cone, and gives a tall, 


Fig. 224. 



well-shaped flame. The principal features 
of the American flat-wick burners jn com¬ 
parison with dkuilar English burners ; are 
the thinness of the metal, which $ stated 
to minimise the conduction of heat to the 
reservoir,,_and the shortness of the wick- 
tubes, which is of advantage in diminishing 
the height to which the oil has to he raised! 


' Fig. 225. 

> 





In Fig. 2 ?4 is shown “ Trotter’s shadow¬ 


less” pendant lamp. , The ordinary reservoir is replaced, as in thef' 8inumbra ” 
lamp described ii^ the previous chapter, by an annular reservoir which sup¬ 
plies a small central chamber forming the reservoir proper. This chamber 
is always full of oil, as it is lower than the main reservoir, $nd there is, 
therefore no risk of the formation,of an explosive atmosphere in it. 

The “Moderator" and “Oarcel” principles previously described as 
applied to lamps burning fixftcf oils, 'have been adapted to petroleum lamps 
by several inventors. Fig. 225 exhibits the oonstrufction of the “Auto- 
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regulator” lamp of Peigniet-Changeur. The oil is raised from, a lower 
receptacle into a reservoir B, by a pump driven by clockwork C. When the 

. , Fig. 226. 
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28? 

, e 

by Avia (No. 16,073, A I) - 1887). The oil in forced by a piston from the 
main reservoir in tjielamp base, into a vessel A, whence it is supplied to 
the wick. The burner is fitted with a wire gauze disc i, to arrest any 
falling pieces of chaired wick, a skeleton support l, and a perforated casing. 
The cylindrical wick <j is supplied by a wick / secured t q it at /. 

, . Fm. 228. 



Fin. 227. 



In another arrangement invented by Aria (Patent No. 15,768, a.d. 
188S), the receptacle A, Fig. 227, which lias a flange a to prevent overflow 
from the shaking of the lamp, is supplied either from an upper reservoir as 
in a reading or luilway roof lamp, or from a lower level by means of a pump 
or piston as in the Oareel or Moderator lamp. A central tube C supplies 

Fio. 229 


4 - + 



air to the flame, and a skeleton frame B supports the burner above the 
reservoir. An ordinary tubular wick is used. 

In a flat-wick burner, Fig. 228, described in a later specification of Aria 
(No. 8995, a.d. 1890), the finme B is replaced by a perforated annulus a * and 
the tube C by two semi-eylihdrical air-tubes e, the lower ends of which are 
covered'by a cap/formed with a slot which may be more or less closed so 
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as to regulate the admission of air, A cup a' receives any overflow. Two 
, or more wicks placed side by side may be used. . 

Fig. shows the “Sunlight” lamp of Boss and Atkins (Patent 
No. 2019, a.d. 11889). It is a mineral oil lamp working on the inverted 
Argand principle? so successfully applied to gas-burners. The burner wick 
. preferably consists of jm gnnulus 'of the ordinary loosely woven spirit 
l^mp wick, but may be fprmed of “ solid permeable material made of 
asbestos fibre or of porqus nyneral.” It is supplied by three flat wicks 4, 





or by a number of, separate round wicks, from an annular reservoir fitted 
with a reflector to increadfe the light. 'Sometimes the.ends of the wicks, 
4, themselves constitute the burner, in which case they are Arranged to form a 
circle at that point. A cone deflects the air to tjje flame, whilst a 
cylinder of‘porcelain, so placed as to become strongly heated, raises the 
•temperature of the air which is supplied to the flame through the perforated 
chimney. A burner cap limits the outward *noyement of the wick. The 
arrangement of the, lamp is such that the flame curves inwards instead 
of outwards, so that the wick does not become unduly heated. # 
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Hampton and Sons have recently introduced a lamp under the name 
of “The Perpetual £,amp,” which is designed to obviate the necessity for 
frequent replenishing with oil. The base of the lamp forms a receptacle 
for a week’s or month's supply, and is surmounted by a glass oil-container 
which is refilled when neeossary by a concealed force-pump.' 

Joseph Hints and Sou have recently exhibited a new form 1 of 
pedestal lamp with a capacious reservoir at thd base, from which the oil is 
automatically raised w successive quantities' to a small oil chamber 
immediately below the burner by the intermitteni/action of an ingeniously 
contrived piece of mechanism driven Irj a Spring. 

Both in this country, and in America, flat-wick burners have until 
within the last few years been far more largely used than Argand or round 
burners, while on the European continent flat-wick burners are f rarely 
employed. 

The commonest form of German round burner is that which is known 
as the “ Cosmos." It has neither the additional inner air-tube nor the 



button, and accordingly it is necessary to use with it a chimney much con¬ 
stricted a short instance from the base. Better results, especially with the 
larger sif.es, are obtained with the new Argand burners supplied by C. H. 
Stobwasser ana Co., Wild and Wesael, and Schuster and Baer, under the 
names of the “ Victoria," the “ Pbrnnix,” the “ Moon," and the “ Helios.” 

Fig. 230 exhibits the forms of several Russian burners manufactured by 
Kumberg. It will be noted that three of these are to be used without a 
chimney. 

" Figs. 231 and 232 show the Chandor lamp (Raffalovich’s Patent No. 6253, 
a.d. 1885) fbr use with heavy Russian oils. Attached ta the collar of the 
reservoir, A, Fig. 231, is a cylinder, or tube of, large diameter C, open at 
both ends and extending nearly to the bottom of the reservoir. Within 
this is the central air-tube E passing through the bottom of the reservoir. 
The burner D, Fi£. 232, is of the Argand central-draught type, 

For indicating the oil-level in a lamp reservoir, Waters (Patent No. 781, 
a d. 18S9) has introduced several arrangements, one of which is shown in 
Fig. 233, When the reservoir is Ailed to the proper height, a'float d l rises, 
and a bead cV, supported on a stem, is brought into view. In another 

' t ' 1 
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arrangement an indicator tablet, carried by a pivoted arm attached to a float, 

is brought opposite an opening when the re- 

servoir is .sufficiently full. The inventor also • Fig. 232. 

suggests that thp float may be secured to a ^ 

band passing rouftd a drum and carrying the 

tablet, or that the bapd piay pass round a I 

djum which, through the medium of toothed 

gear, turns a disc jnafke<^“ full ” and “ empty.” , 

Fig. «34 shows Stobwasser’s arrangement B H 

for preventing the exterior of thd oi’,reservoir BUS:':n|H^|K 

from becoming soiled with the oil. A layer , Hjf D 

*11 of a.compound resembling a mixture of 
gelatin and glycerin is inserted between the • Hiji/ M9H 
collar k and the plastei' g which is employed 
to attach the collar to the reservoir. The 
compound is impervious to the oil and arrests 
any which ftlay have penetrated the plaster. 

Tire oil which passes along the wick-winder jBSISSSS&afigi 
scrips from a star-shaped wheel t upfln the 
conical surface of the collar, whence it returns • |j , Jil^K 

to the reservoir through the small opening 0. |fIjlB 


Addendum. * ■ j |Kj 

Lamps in which a solid or semi-solid pro- , . 

duct of petroleum or shale oil forms the illn- 
minant are not included in the heading of ||M§! 

this chapter, but may be appropriately referred i |i 

• Voung’s Paraffin Light and Mirteral Oil —1^*1 

Company have introduced a convenient lamp 

for use by miners which is charged with? solid paraffin of low melting 
V> » 234. * 



point. The lamp k in the form of a little tin can with a projecting 
spout which forms the wick-tube. No chimney unemployed and the flame 
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is encircled by a ling of copper wire which conducts heat to the paraffin 
in contact with the ,wick and maintains it in a state of fusion. 

The Cera Light Company, limited, have devoted considerably (attention 
to the employment of paraffin of low melting point as an, illuminant, and 
now manufacture ships’ signal lamps for burning this material. The burner 
with which these lamps are fitted is furnished with an air deflecting cone in 
lieu of a chimney, and the heat necessary to maintain the paraffin in a fluid 
condition is conveyed to the reservoir by means'of a copper wire which & 
bent into a helical form just above the flame ’of the lamp, passes vertically 
downwards by the ^ide of the wick-tube,, affd terminates in the reservoir in 
a coil of such dimensions as the circumstances under wlp'ch the lamp is to 
be used may render desirable. The paraffin used has a melting point of' 
4 o° C. (104° F.). * 


CHAPTER III. 

The Principles of Construction of Mineral Oil Lamps; Lamp 
Accidents; Prolonged Wicft Tube and Safety Cage for pre¬ 
vention of Explosions. 

Much attention has been directed of recent years to the subject of lamp 
accidents and to the construction of lamps in which mineral oils may be 
safely burned, In 1871, I)r. Chandler of New York published the results 
of a series of experiments chiefly directed to ascertaining the relation 
between the flashing point of the oil and the temperature to which it was 
liable to bo raised in the reservoirs of various lamps in use at that time. 

These experiments are of interest in relation to th« occurrence of explo¬ 
sions due to the ignition of a mixture of air and petroleum vapour in the 
lamp reservoir, but, as has been poiifted out by Peckham in his Census 
Report, as well as.by Abel in a lecture delivered in 1875 at the Royal 
Institution, a large proportion df lamp accidents are due to the overturning 
or dropping of the lamp, and not primarily to an explosion. 

, The subject of mineral oil laqjp accidents was experiment ally investigated 
by Sir Frederick Abel in association with the writer, and with the assistance 
of l)r. Kellner, and certain definite conclusions were arrived at with respect 
to the immediate causes of lamp explosions. The results were given by Sir 
Frederick Abel in a lecture at the Royal Institution in 1885, and were sub-, 
sequently embodied in a report presented to Her Majesty’s Chief Inspector 
of Explosives in {890 by Sir Frederick Abel and the writer, on the’’causes 
of lamp accidents and the principles of construction which should be adopted 
with a view of preventing such accidents. 

The following is an extract from the report:— 

(а) A large proportion of the accidents occurring in the use of mineral 

oil lamps are not due to the occurrence of explosions in the lamps. Many 
recorded instances of thd breaking out of a fire, or the destruction of or 
injury to life, which 'are ascribed* to lamp explosions have evidently been 
caused by upsetting or dropping a burning petroleum lamp. The sudden 
cooling of a gjass reservoir which has become mush heatbd bytlfe burning 
of the lamp map also result in fracture. The substitution of benzoline 
(mineral spirit) for mineral oil has in some cases probably caused the 
accident. ‘ 

(б) There are, however, numerous cases of accidents which have un- „ 

doubtedly been due to the occurrence of explosions in lamps, and our experi¬ 
ments have enabled us to arrive at t!he following conclusions with respect to 
the causes of such explosions. * 
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If the lamp be so carried or rapidly moved as to agitate the oil, a 
mixture of vapour and air may make its escape from, the lamp in close 
proximity to the flame, and, by becoming ignioed, determine the explosion 
of the mixture existing in the reservoir. This escape may occur through 
the wick-tube itself if the wick does not fit the holder properly, or through 
openings; of sufficient size to allow flame to pass them readily, which exist 
near the wick-tube in man/ burners. Some lamps have a tube inserted in 
tile burner, through which <he reservoir can be supplied with oil, and if this 
tube be jot effectively closed if? may constitute a channel for the passage of 
flame to the vapour-and-air mixtifre in the reservoir. The existence of an 
imperfectly closed falling aperture in the body or reservoir of the lamp also 
favours the occurrence of an explosion. A sudden cooling of the lamp, 
resulting from its exposure to a draught, may give rise tp an inrush of air, 
thereby increasing the explosive character of the mixture of vapour with a 
little air already contained in the reservoir, and the flame of the lamp may 
at the same time be drawn or forced into the air space filled with that 
mixture, especially if the flame 1 ms been much reduced in Ejjze by lowering 
the, wick, as the point of combustion is thereby brought nearer to the 
reservoir. *• 

* If the practice is resorted to of blowing down tire chimney with a view 
to extinguish the lamp, the effects already indicated as producible by expo¬ 
sure to a draught may be brought about. If the wick be lowered very 
much, or if for some other reason the flame becomes much reduced in size, 
so that it is burning beneath the dome, the lamp may become much heated, 
and its susceptibility to the effects described will be increased. Heating of 
the lamp-reservoir is likely to be promoted if the air-passages in the burner 
are obstructed by dirt or charred wick. If the wick is not long enough to 
reach the bottom of the oil reservoir, and the lamp is allowed to burn until 
the surface of the oil is scarcely level with the end of the wick, a proper 
supply being therefore no longer furnished to the flame, the wick may char 
down to and below the level of the toothed wheels in the wick-tube and 
drop into the reservoir while the upper end is still burning, and may thus 
cause an explosion. The accidental dropping of the still burning vpek into 
the oil reservoir, througl?the wick being turned down below the level of the 
toothed wheels in the act oj extinguishing tile lamp, is also a fruitful source * 
of explosions. If the flashing point of the oil used be below the minimum 
(73" Abel test) fixed by law, and even if it be about that point, or a little 
above it, vapour will be given off comparatively freely, but the mixture of 
petroleum-vapour and air formed in the upper part of the reservoir of the 
lamp will probably be feebly explosive in ccasdquence of the presence of an 
excess of the vapour. On the other band, if the flashing p< 5 int of t^e oil be 
comparatively high the vapour will be less readily or copiarttsly produced, 
and the mixture of vapour and air may be % more violently explosive, because 
the proportion of the former to the latter is likely to be lower, and nearer 
that demanded for the production of a powerfully explosive mixture. If 
the quantity of oil'in the lamp reservoir be but •small, and the air-space 
consequently large, the ignition of an explosive mixture produced withm 
the lamp will obviously exert more violent effects than if there be only space 
for a smalk quantity of vigour and aifc because of the lamp being com¬ 
paratively full. • « 

Experiments have demonifrated that the burning of an oil of compara¬ 
tively high flashing point is more likely to cause heating *of the lamp than 
the use of aif oil of comparatively low flashing point, in consequence of the 
‘higher temperature developed by the former, and of the greater difficulty 
with which some oils of that deseriptidh are*conveyed - to the flame by the 
wick. It therefore fellows that safety in the use of ipineral oil lamps is not 
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to be secured simply by the employment of oils of comparatively high flashing 
point (or low volatility), and that the use of such oils may even in certain 
cases give rise to dangers which are small, if not entirely absent, with oils of 
comparatively low flashing point. 

The character of the wick materially affects not only the illuminating 
power of the lamp but also its safety. 'A loosely-plaited wick of long staple 
cotton draws up the oil freely and regularly, even when the supply of the 
liquid in the reservoir becomes almost exhausted, and "little charring of the 
wick takes place if the oil is of good quality. eBut if the wick he tightly 
plaited, or if it bet made of short staple cotton of inferior capillary power, the 
oil will be less copiously supplied to the flame, and considerable charring of 
the wick, with largely increased heating of the burner, will ensue. The usu 
of a wick which has not been thoroughly dried before immersion in the oil, 
or the capillary power of which has become impaired by prolonged use, may 
bring about the same result. 

Our experiments have also led us to the conclusion that a lamp explosion 
is not usually sufficiently violent to cause the fracture of an ordinary glass 
reservoir, although in several'’ recorded cases it has had this effect; hut 
although it may not, the alarm created by the explosion may lead to the 
lamp being dropped if if is being carried at the time, and if the reservoir is 
of glass, fracture will probably ensue and the liberated oil may become 
ignited. 

The following suggestions as to the construction and management of 
mineral oil lamps, founded on recommendations made by Sir Frederick Abel 
and the writer, were formulated and published by the Metropolitan Board 
of Works in 1885. 

1. That portion of the wick which is in the oil reservoir should be en¬ 

closed in a tube of thin sheet metal, open at the bottom; or in a cylinder of 
fine wire gauze, such as is used in miners’ safety lamps (28 meshes to one 
inch). „ 

2. The oil reservoir should be of metal, rather than of china or glass. 

3. The oil reservoir should 1 have no feeding-place or opening other than 
the opening into which the upper part of the lamp is screwed. 

4. Every lamp should have^a ploper extinguishing apparatus. 

5. Every'lamp should have a broad and heayy base. 

6 . Wicks should be soft, and not tightly plaited 

7. Wicks should be dried at the fire before being put into lamps. 

8. Wicks should be only just long enough to reach the bottom of the oil 
reservoir. 

9. Wicks should be so wide'that they quite fill the wick-holder without 
having to be 'squeezed into it. , 

10. Wickit should be soaked with oil before being lit. 

11. The reservoir should be quite filled with oil every time before using 
the lamp. 

12. The lamp should be kept thoroughly clean, all oil should be care¬ 
fully wiped off, and all charred wick and dirt removed before lighting. 

- 13. When the lamp is lit the wick should be at first turned down, and then 
slowly raised. « 

14. Lamps which have no extinguishing apparatus should be put out as 
follows:—The wick should be turned down until there is only a small flicker¬ 
ing flame, and a sharp puff of breath should then be sent across the top of 
the chimney, but hot down it. 

15. Cans or bottles-used for oil should be free from water and dirt, and^ 
should be kept thoroughly closed. 

.■ In a leoture delivered ,in 188S, before the Prussian Industrial Society, 
on experiments model by. the German Standards Commission, Dr. Fock 
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stated that the pressure resulting from the explosion of a mixture of 
petroleum vapour and air in a dosed vessel might be as high as fourteen 
atmospheres^ 10 lbs. per square inch), • 
the most violent explosions apparently 
occurring at about 8° C. (14.4 0 F.) above 
the flashing point of the oil. The results 
of the experiments led him, hbwever, to the 
conclusion that the risk of ffacture of the 
oil reservoir by ex'plosion’.was tery small, 
owing to the pressure being Relieved 
through the wick-|ube, even a cracked 
reseivoir withstanding the pressure. He 
attributed the cracking of glass reservoirs 
to the heating of the wick-holder f Am the 
ignition of the vapour driven off by the 
heating of the oil, and recommended the 
use of metallic or other unbreakable reser¬ 
voir 

The actual amount of light obtained 
b/fche combustion of the same quantity • 

of oil in different lamps varies considerably, Argand burners almost in¬ 
variably giving more light than flat-wick burners. Thus the minimum 
consumption of oil per candle-light per hour in the case of flat-wick burner’s 

is ordinarily about 50 grains as 



Fig. 236. 


compared with about 41 grains 
in the case of Argand burners. 

As the result of an extended 
series of photometric experiments 
made by the writer, in conjunc ■ 
tion with Mr. T. Horne Redwood 
in 1879, it was found that with 
the principal forms of lamps then 
in use, the consumption of oil 
ranged from about 45 grains to 
<?5 grains per candle-light per * 
hour, whilst a series of not 
strictly comparable experiments 
made morp recently with the as¬ 
sistance of Mr. Robert Redwood, 
Exhibit a range from about 41 
grains to over 7*0 grains^ 

The diminutidh of luminosity 
noticed during the use of lamps, 
may be due to the bad quality of 
the oil, or to the use «of an in¬ 
ferior wick or to a reservoir in 
> which the depression of the lertel 
of the oil "becomes tflo great for 
the capillary'power of the wick, 
but may alsrf be due to the im¬ 
perfect construction or defective 
condition of the burner. 

To prevent the coipmunic^tion of flameto an inflammable or explosive mix¬ 
ture of petrolpum vapour and air in the qil resgrvoir the jvriter has suggested 
the employment of a wire gauze cage or cylinder enclosing the wick, Fig. 235. 
This arrangement had*been applied to the “ Duplex ” lsknps of Hinks and Son. 
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A similar purpose is intended to be served by the prolonged wick-tube ii 
the lamps of Dejfries, Fig. 2t7 {p. 276), Walsh, Fig. 236 (Patent No 
6858, a.d. 1885), Crowley (Patent No. 7271, aj). 1887), Sheering, Fig. 235 
(Patent No. 4997, a.d. 1887), and Johnson (Patent No. 6610, a.d. 1887). 

In Walsh’s lamp, Fig. 236, the wick-tube may be straight or curved al 
the end as shown, whilst in Johnson’s lamp the bent portion is •prolonged 
nearly to the top of the reservoir. Crowley^ wick-tube is made in twc 
telescoping pieces, and. thus admits of adjustment according to the depth’ol 
the reservoir, . It is closed at the bottom, and .has a small opening neaj 
the lower end for admitting oil to the,wi*k. 

In Sherring’s''- Victoria Safety Lamp,” Fig. 237, tlje air passes to the 



burner partly through an air-space G, formed over the top of the reservoir, 
and the burner is attached to a tube J, which is designed to pr-event outflow 
of the oil in the event of the lamp being overturned. 

In the Defries V Artisan ” lamp, the wick is enclosed in a tube sur¬ 
rounded by porous material. 

In the ■*‘ Protector Safety ” lanfp, Fig. 238, cntrodufled by the Protector 
Lamp and Lighting Company, a permanent wick supplies the oil to a piece 
of cotton-wool forcing the burner proper, which is renewed when it becomes 
charred. When lighted and put together, this lamp is automatically locked, 
and the flame cannot bfe exposed,“for on opening, the lamp by unscrewing 
the base, the burning wick is drawn through a sheath, and tl^e flame is ex¬ 
tinguished. The flame is ’protected by a glass cylinder as shown in the 
illustration. • " 
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CHAPTER IY. 

Air Supply; tbe Production, Regulation and Direotion of the Air- 
B Currents.—Chimneys, t clookwork-driven Fan, secondary Lamp, 
independent Air Supply,—Domes and Air-difflisers. 

The supply of air in regulated quantii^ and its proper (j^stribution to the 
flame, though a very important feature of lamps* for use with fixed oils, 
require still more attention in the ease of mineral oil lamps, on account of 
the higher volatility of ther.illumipant, and of the larger percentage of 
carbon present in it, which increases the tendency to the production of 
smoke. 

The arrangements adopted for furnishing' the flame with air in the 
former class *of lamps have been fully described in the first chapter; 
whilst those which are peculiar to mineral oif lamps have been largely dealt 
witji in Chapter II. (p. 265 et seq.). Reference should therefore be made to 
those chapters for further information in relation to many of the arrange¬ 
ments touched upon below. 

Although the use of chimneys had been previously proposed by Quinquet, 
the advantages derivable from the proper supply of air* to the flame do not 
appear to have been distinctly recognised before the introduction of the 
Argand burner in 1784. In this burner, a tubular wick was substituted for 
the solid cylindrical wick previously employed, and an interior as well as 
exterior current of air was directed upon the flame. 

This invention was foHowed.by improvements in the form of the chimney; 
by the introduction of the “ Liverpool button,” and many other devices for 
deflect'ng and distributing the central air-current of an Argand burner so 
as to bring it into contact with the inner surf.ice of the flame ; and by the 
employment of various forms of domes ^suitlble for use with flat-flame 
burners. The object of ihpse improvements was the production of a*steady 
smokeless flame of enhanced Juminosity. , 

Although most lamps depend for their supply of air solely oh the current 
induced by the heated chimney, various other arrangements for furnislung 
the necessary draught have from time to time been suggested. Thus an air- 
current has been produced by the use of a clockwork-driven fan or a 
secondar y lamp inserted in the Vase of the lamp, or the action of the chimney 
has been Intensified by the introduction of a blast. In other instances, the 
burner has been supplied with air uudei* pressure from ai^ independent 
source. • 

The chimney originally employed by Argand was of iron. This was soon 
replaced by a cylinder of glass, which was afterwards contracted or shouldered 
with the view of causing the air-current to impinge upon the flam?. This 
important improvement has 1)6611 variously attributed to Lange and tc^ 
Smothurst (Patent No. 2652, a.d. 1802), although shoufdered chimneys are 
shown in illustratidhs of lamps 'used in Prance during the period of the 
Revolution.* • * • • 

Chimneys with two constrictions have also been employed, and a tele¬ 
scopic chimney was used by Samuel Highley in his Optical^Lantern Lamp. 

Fig. 239 represents various forms of glass chimneys now in use. Chimneys 
qf mica, which withstand sudden change# of temperature, whilst almost 
equalling glass # in transparency, are also mjde. . 

For the Bayle chimney, Fig. 240 (p. 293), wnicH consists of a cylinder C,* 
surmounted by two trullcated cones A B, B C, meeting at; their smaller ends, it 
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is claimed that the outer air-current entering between the * 
glass and the wick-tube of an Argand burner, is caused to 
pass upwards with the same velocity as that of the air sup¬ 
plied to the interior of the flame. 


Fig. 241. 




Fig 


Among the many previously described air-diffusers and 
burner-domes, which have been introduced for supplementing 
the action of the chimney, attention may be again directed to the inventions 
of Thomas Young, Fig. 171 ; Roberts, Figs. 

182, 183, 200, and 201 ; and ilinks, Fig. 

203 ; together with the Champion burner of 
Ragg, Figs. 212 to 215; the Doty triplex 
burnt r, Figs. 21 o and 211; the Silber buftier, 

Fig. 209; the Defries (Sepulchre) burner, 

Figs. 217 and 218; the Rochester burner, 

Fig. 2 23; and the burppr of the Lampe 
‘ ‘ Veritas,” Fig. 222; whilst in the case of the 
Anucapnie and Lome burtiers of Rowatt 
and Sons, Figs. 204 and 205, the double 
domes may be regarded as substitutes for 
the ordinary chimney. 

The Reflector patented by Sir James ^ 

Douglass in 1881, and largely employed 
in lighthouse lamps, consists of a tripte 
cone, so arranged as to direct the air upon 
the flame at three different heights. • 

In the “ Licgeoise ” lamp, Fig. 241, the 
outer air-current passes through a grating 
2 in the chimney gallery, and through a 
gauze disc 1, while the inner aip-current iS 
distributed,by a defector a. 

In the* cKimneyless “ Wanzer ” laiAp, 

Fig. 242, the air-current is created by a fan 
E, driven by clockwork A, and passes to 
the burner through the space C between 
“the reservoir F and the outes casing. ’ 

A clockwork-driven fan is also similarly 
employed in the “ Hitchcock ” lamp, 
formerly known as the “ Empress." 
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The supplying of air or oxygen to the flame by the use of a fan or bio we", 
driven by clockwork or otherwise, or from a reservoir, had, however, been 
proposed as early afe 1840 by.Halpin (Patent No. 8689). 


Fig. 243 - 



Pig. 243 shows an arrangement patented by Lavender (No. 3797, A.D. 
i$75) for creating the neeepsllry dtaught in a lamp or lanterti by a jet of 
steam /, 'or of compressed air. In the lamp shown, which was obyioudy 
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intended for use with heavy oils, a branch from the steam pijjp passes ' 
though the reservoir E to warm the oil. § 

• An ingenious arrangement proposed by Ran in 1861 for producing an 
air-current* by the use of a small supplementary flame at the base of the 
lamp, is represente ’4 in Fig. 194, and has been previously described (p. 261). 

In the-Ross lighting system, Fig. 244, patented by Ross and Nolan in 
1885 (No. 2022), no chimney*is used, the satisfactory combustion of the oil 
beihg effected and steadiness of the flame attained by the use of an 

* ' VJG. 244. 





■HP 



independent supply of air under pressure. The burner is fed with oil from 
a reservoir D, which is automatically replenished from a tank serving for 
the whole of the lamps in a system. The supply of oil is regulated by a 
float I, which closes Che valve H when # thfc reservoir is charged. {The air 
supply travels round the reservoir D and the oil tube B, as shown by the 
arrows, and passes through a gauze ring Sf which distributes it regularly to 
the flame. 


, CHARTER *Y. 

Lamp Wicks, their Manufacture.—Incombustible Wicks.— 

Arrangements for raising the Wick. 

• 

The earlier History of lamp-wicks of cotton or ut^ier material, has been 
given in Chapter I. (p. 543), whilst numerous methods of arranging the wicks, 
and means for raising them, have been described^ in that "and the succeeding 
chapters. * 
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Dittmar and several others have employed a short burner-wick supplied 
with oil by anothef wick which passes into the reservoir. This arrangement 
is specially applicable when the upper wick is of some incombustible 
material. 

The capillary attraction exerted by the wick is largely dependent on its 
quality, a wick of long staple cotton loosely woven giving far better results _ 
than one of short staple cotton tightly woven. Thus, wicks of the same 
width in ordinary use .have, when tested by tile writer, been found to difter 
in the proportion of 198 to 76 in respect to the quantity of oil lyhich they 
are capable of raising under similar conditions. The capillary power of the 
wick is considerably impaired by the presence of moisture in the cotton, 
and as wicks are found to absorb water from the atmosphere to the extext 
of from 4 to 6 per, cent, of their weight, it follows that they should be care¬ 
fully dried immediately before they are placed in the oiL There appeals to 
lie reason to believe that the “ choking ” of a wick, which occasionally occurs 
during prolonged use, may, at any rate in some cases, be due to the deposi¬ 
tion of water in it, for Nakamura has found that a choked 
wick recovers ite capillary power on drying. 

Several descriptions of incombustible wicks have been in¬ 
troduced. As already mentioned, the wicks of the lamps em¬ 
ployed by the Vestal Virgins are said to have consisted of 
asbestos, whilst wicks of asbestos or of gold, silver, iron, or 
other metal in the form of wire were proposed as early as 
1684 by Plot (vide Chapter I., p. 263). Wicks of platinum, 
gold, silver, or copper drawn into fine threads, or of glass 
drawn into capillary tubes and bound into a compact bundle, 
were patented in 1822 by A. and D. Gordon (Patent No. 
4638), and the use of cane or porous wood or asbestos in 1845 
by Roberts (Patent No. 10,842). 

The wick patented i# 187$ and 1877 by Heinrichs, Fig. 
245, consisted of a lower portion of felt, an intermediate 
portion of mineral substance, and an asbestos tip or ring 
forming the burner.' 

Tn the speeifieati6n of an asbestos- wick patented by Katau , 
and Tumor (No! 12,146, a.d. 1884), one claim of the inventors 
is for the division of the wick into two portions, one of which 
can be moved up or down so as to be put into or out of 
contact, with the other portion. The inventors appear to 
prefer that the upper part of the asbestos, wick should be a fixture in the 
wick-tube, and that the lower part should be moved out of contactVith the 
upper part when it is desired to extinguish the lamp. 

The “ PhcSuix Perpetual ” lamp' wick is prepared by treating the upper 
end of a cotton wick for a distance of about an inch with an incombustible 
material. 

The iudestructible'wick patented by Webb (Patent Np. 13,324, A.D. 1885) 
is composed of a mixture of asbestos, silver sand, red-lead, and borax, with 
apportion of powdered pumice if desired. The mixture is ground to a paste, 
dried, moulded and baked at a red-heat. These wicks “Ynay be used alone, 
or may be fastened to an ordinary cotton wick which forms the 'feeder. 

In a patent/tifken out by Varley and Gooch (No. 3865, a.d. 1888), and 
based on the above, the burning surface of the wick is proposed to be in¬ 
creased by means'of perforations, saw-cuts, &c., and the wicks are described 
ns thickened at the base so as to be more readily fixed fluid-tight in th% 
burner by removable washers and oollars. The refractory nature of the 
wick is stated to admit of "the'lamp 1- being used on the regenerative principle. * 
The size of the flame is .varied by the use of a sliding sleeve or collar over 


Fig, 245. 







LAMP WICKS. THE MILLION LAMP. 


297 


Fig. 246. 


. ■ 

ts^e end of the wick. Instead of using the above mixture, the wicks may be* 
made of porous clay, or of a mixture of clay and magnesia or rittenstone 
’ rendered jefractoxy, or of natural porous stone,^Uch as sandstone or pumice, 

Under a' patent of Gooch, Varley and Lidstone (No. 5214, a.d. 1888), a 
mixture of finely epowdered sand, asbestos, borax, and red-lead in stated 
proportions is heated to dull redness to effect a partial fusion, again powdered, 
and then heated to bright redness in a mould. Clay, rottenstone, and 
emery or corundum may belised with or instead of the sand or asbestos, 
and glasg or other flux may replace the borax and lead oxides. Another 
patent by the same inventors (Nfc. 5413, a.d. 1888), includes special forms 
of holders for thes^ wicks. ' _ 4 

• Boijdini and Tubini have patented (No. 10,502, a.d. 1887) a descrip¬ 
tion of incombustible wick in which the end or. tip of, an ordinary cotton 
wick is protected by enveloping it in a capsule or sheath of wire gauze 
or perforated sheet metal. Sometimes a compound wick formed of thin 
wicks separated by strips of sheet metal is .employed, and sometimes the 
“ burner ” pertion of the wick consists of 
asbestos which partially fills the sheath 
and upon which the cotton wick, which, 
passes into the.reservoir, abuts. 

In Phillips' “Shaftesburyindicating" 
wick, the upper portion has an inscription 
printed upon it, and the wick is intended 
to be replaced by a fresh one when the 
printed portion is consumed. 

In the “Aladdin” burner, Fig. 246, an 
endless wick turned on the jack-towel 
principle by a suitable arrangement, is 
employed, the flame burning on the sur¬ 
face of the fold, so that the necessity 4 or 
trimming is obviated.* 

In ordinary lamps, the wick is raised 
or lowered by the action of toothed wheels 
pressing lightly against.il,,the revolutiSn 
of the wheels being effected by turning a .* . * 

milled head or button on a spindle carrying them. In some instances, how¬ 
ever, the wick is held in a tube or frame which is raised or lowered by a rack 
.and pinion or by a worm cut on the burner tube and actuated by revolving 
the burner, or, as in the “ Rochester ” lamp described in Chapter II. (p. 279), 
by mealis of a v ertical rod attached to the* wick frame. As already men¬ 
tioned, the rigid rod has, in another formsof lamp, been rejflaoed by a flexible 
spiral wire, such as is employed in a dentist’s drilling machine. * 



Manufacture of Wicks.—Considerable attention has for some years 
been paid in the tTnited States to the construction of wicks, and»the writer 
has inspected che process ofnnanufacture at a factory in Troy. The various 

• An Argrutd-buruer l«mp has recently been introduced under'tbe nftino of the “Million 
Lamp," in which the Sombustiou of flie oil takes place from thd inner surface of tho tubular 
wick and ndl as nsual faom its upper edge The outer wick-tube of Rio burner of this lamp is 
provided with a ring or rim at thl top, so that the whole of the exterior of the wick and also its 

S cr edge is completely protected front the flame, as in trimming tiff kntp the wick is drawn 
tly against this rim. Within the wick is another closely fitting tube to whioh a vortical 
movement is imparted by a lever or key working in an inclined 6lot, spd by means of this tube 
tho extent of i»e inner surface of the wick exposed can be regulated, and the sizo of the flame 
adjusted. The tube can (Iso by means of the lever be raised until its upper end comes into 
contact with the projecting rim of the burner tubeslreadyreferredto; the wick is then entirely 
enclosed betwebn the inner and outer tubes, and the lamp is extinguished. The burne.r is so 
constructed that no outflow of oil ocours when the lamp it* overturned or even when it is com¬ 
pletely inverted. The lamp is furnished with an oil reservoir of metal. 
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' operations in the order ‘in which the cotton is subjected to them art 
termed:— E («) opening; (2) lapping; (3) carding; (4) railway drawing; ($) 
doubling and first drawing; (6) doubling and second drawing; (7) stubbing «■ 
and roving; (8) speeder-roving; (9) spinning; and (10) twisting,'to meke 
the yarns ready for the looms. 

Mr. Herbert Morgan, of the firm of Joseph Morgan and Son, of Man¬ 
chester, who manufacture mineral oil lamp wicks 'more largely than any ■ 
other firm in this country, has supplied the writer witji the following parti¬ 
culars of the various prbcesses through which' the cotton is passed. 

“ The raw Cotton employed in the contraction of a wick shdold be a 
good quality of American, carefully selected and of long staple. The length 
of the staple forms a vefy important feature, as this 1 'to a large extent, 
governs its capillary attraction. The cotton should be spun into What is 
known as coarse counts, because it can- be easily understood that a fine 
thread cannot draw the oil with anything like the same power that a coarse 
loose thread can. When spinping, great care must also be taken to see that 
only sufficient twist is put into the yarn to enable it to pass Jhrough the 
succeeding processes, as all twist over and above this necessary quantity will 
be detrimental to its burning powep. Hero, again, the benefit of the long 
staple is at once evident, A short-staple cotton must require extra twist to 
give it sufficient strength to make up for its deficiency in staple, whereas 
the long staple cotton will have the required strength with the minimum of 
twist. After we have got the raw cotton into the single yarn, it must be 
doubled into its requisite number of folds, two, three, or more ends as the 
case may be, and here again great care is required in the doubling process 
to prevent undue twist, for the same rule applies exactly in this process as 
in the spinning process. If more twist is put into the yarn in its doubled 
state than is required to pass it through the weaving process which imme¬ 
diately follows, this excess of twist will injure the quality. 

“ We have now got the cotton in{o the doubled state ready for being 
made into warp, and here we will more “fully explain the component pafts 
of a wick, so that their technical terms may be clearly understood. There 
are two recognised ways of manufacturing a wick; the easier one of the two, 
and the bne generally adopted, is to make a wick of July three distinct parts., 

. First of all the ‘ warp,’ which means the coarsd threads running perpen¬ 
dicularly through the wick and seen distinctly on the outside. Next the 
very fine threads of cotton passing through the centre of the wick, which 
work from top to bottom and bind the two surfaces of the wick together. 

If the wick were woven without these ' binders,’ it would be simply a circulaF 
wick and not flat. Next we cqme to the ‘weft,’ which is the finp cross¬ 
threads in the, wick, seen on the surface, passing under and over the warp, 
holding ( the warp-threads and bifldefs in their proper position, and this 
completes the construction of an ordinary wick. ” 

“ The second mode of manufacturing a wick is exactly as already stated, 
but with one addition, and this we take to be a most important part of a 
really good wick. In,addition to the binders, which we have said before 
pass through the centre of the wick and hold the top and bottom together, 
are placed what are kpown as 1 gut ’ threads. These threads run perfectly 
straight through thp centre of the wick in the same direction as ,the warp- 
threads, but are not crossed or interfered with ta any way, either by the 
weft or the binddh. They can be drawn out 'from the wick without any 
perceptible difference being made in its external appearance, showing that 
although they form part of the wiek, they are totally distinct and indepen- * 
dent of it. In the ‘ duplex ’ size, vt-hich is perhaps the .one most universally • 
known, the number, of gut ep^s should be twelve. We claim for these gut , 
threads that, as they pass direct from the oil to thp flame without any 
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impediment whatever, they mast prove a most important auxiliary to the* 
Oipillarity of the wick and materially assist its burning power. * 

“ The weft employed in wick-making should also receive careful atten¬ 
tion, and be made from a good quality of single cotton, two or more fold; 
hard twisted ya!gi,’ such as is often employed, being highly detrimental to 
the free flow of the oil. The weft is easily seen, as already indicated, on 
the surface of the wick asflt crosses the warp-threads, and the number of 
•these cross-threads per inck should not exceed thirteen, except in the case 
of very broad wicks, although in some samples we have seen sixteen, and 
even m8re are put in, but these are unnecessary and only retard the flow of 
oil to the flame. In constructing it wick, it is only accessary to make it 
.of sufficient firmness to wind properly, and when you have got the re¬ 
quired resisting power to {he rack, all over that is detrimental, and not one 
pick of weft over the number which is absolutely necessary should be inserted. 

“ But to return to the warping process. This there is nothing special 
about, as the cotton has simply to be put together in warp of the required 
number o£ ends, to make the width of wick wanted. The warp, when 
made, is taken to the loom and woven intp wick. After the wick leaves 
the loom, a most important process should take place, as on this depends, to 
v very large extent, whether you will reap the full benefit of the care already 
bestowed on the wick in its manuf irture. We refer to the boiling process. 
It will be seen that in the number of processes through which the cotton 
is compelled to pass from its raw state until it appears as a woven wick, 
there must of necessity pass into it a considerable amount of impurity. 
This it is quite impossible to avoid, seeing that it goes through no less than 
twelve distinct preparations. These impurities consist in the natural oil 
of the cotton and particles of dust and dirt which are always flying about 
machinery when in motion, and should without doubt be entirely removed 
before the wick is to perffirm its duty in the lamp, and they must be 
removed in such a way ns not to injure in any degree the cotton of which 
the wick is made. It will readily be seen that the wick really acts as a 
filter through which the oil must pass oniVi way to the flame, and unless a 
wick is free from impurities to begin with, it is utterly impossible for it to 
nerform its duty prtjpfcrly. If in this boiling process chemicals of any 
description are used, eithpr to improve thq'colour of the wick or to act m .r# 
stringently upon it, just to that extent will the fibre of the cotton be 
injured and its burning power reduced. Bv continued experiments and 
practice, it has been found that a wick boiled in pure spring water gives the 
* best result. The impurities of the wick will during this process pass into 
the water, and, to a certain dxtent, discolcpr'it and float upon the surface. 
After this boiling bath, which varies in jluration according t* circumstances, 
the wick should be thoroughly rinsed in cold water, and Jffien p»t into a 
hydro-extractor before being removed to hot closets heated to about 130° F. 
It is kept at this temperature until perfectly dry and without a particle of 
moisture remaining in it. The only process that now remains to.be done is 
to make the wick 1 up into i£s required state for the market, either in rolls or 
in cut lengths, and it is now ready for uqp. • • 

“Perhaps it ^ill be interesting to mention, in detail and briefly, each of 
the separatq processes through whicl\ the cotton passes during its course 
of manufacture. We first of all have the cotton in its ray state as received 
in the bale from America,**The machine it enters first 3 called an opener, 
for breaking up the cakes into which the cotton has heen formed by the 
pressure oP the hydraulic packing, ^hen this is done, it passes to a 
' machine called the-scutcher, which removes the sand and seed, and then 


coils the cotton into the 


form of a lap ready fqr the text process, termed 
he lighter vegetable mattei* such as broken seeds, 
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(lead leaves and motes, and also disentangles the knotted fibres, and deliver^ 
the dean cotton ii^to a can ready for the drawing-frame, through whien 
it next has to pass. By passing through this machine, the cotton gains 
much greater regularity and uniformity of weight. We next dome to the 
dubbing-frame, which receives the cans of cotton from thr' drawing-frame; 
these are passed without doubling through this frame, being drawn out to 
four or five times their original length, and aftdr being slightly twisted aro 
wound on to bobbins. .To give the cotton greater regularity and finish, it 
next passes through what is called the intemiediate frame, which is a repe¬ 
tition of the process of the slubbing-framet The bobbins from this inter¬ 
mediate frame are tPen passed on to the roving-frame, which draws off two 
bobbins together and forms a roving about two-thirds the thickness of the, 
slubbing. It here receives a further small amount of twist and passes on 
to the roving bobbin. The roving bobbins are then placed in the creel of 
the mule and passed through the rollers without doubling, but with a 
draught of about eight to one,-which means that the yam is drawn out to 
the extent of aty>ut eight times its original length, producing a. thread one- 
eighth of the thickness of the roving, and here it receives the amount of 
twist required for the purpose for which the yarn is intended, and on 
leaving the rollers is wound on to the spindle in the form pf a cop which 
constitutes a perfect yarn in the single state. These cops are in their 
turn taken to the doubling frame to be doubled two, three, or more ends 
together as may be required. This doubled yarn is then taken to the 
warping-frame, and the requisite number of ends being put together for 
whatever width of wick may be required, is then made into the warp, the 
warp being taken to the loom, where it gets woven together with the binder, 
gut, and weft; these four uniting in this weaving process, and forming a 
perfect wi$k.” , 


, CHAPTER VI. 

« 

Independent Oil Supply, |nd modern arrangements for 
i maintenance^ of constant Oil-level. 

Various ingenious arrangements were introduced at an early date for 
preserving approximate uniformity in the level of the oil in the reservoir, 
by the use of a supplementary reservoir or otherwise, and thus preventing 
any increase in the demand on the capillary action of the wick. These 
arrangements, many of which hUvo been described in Chapter I., w&re par¬ 
ticularly useful when the comparatively viscous fixed oils were employed for 
illuminafing purposes, but some of tlit-m have been adapted to the modern 
petroleum lamp. „ 

Thus, the “ bird-fountain ” principle s employed in what is known as the 
reading-lamp, for use with petroleum, while the “ Carcel/' or “ Moderator ” 
(system has been adopted 'in the lamps of Peigniet-Changeur, Pig. 225, and 
of*Aria, Pigs. 226 to'228; also in*a lamp recently introduced by Hinks. 

In the “'well and bucket” lamp of Hinks, the oil container from which 
the wick draws its Supply, can be caused to descend into a well of reservoir 
forming the base,pf' the lamp, and can thus be refilled. 

In the “ Pneumatic " lamp of Defries and Feeny, Pig. 247 (Patent No. 
7782, a.d. 1887, afid No. 6868, a.d. 1888), the oil is supplied to the wick- 
tube from a raised' reservoir by a tube C, which opens into an*air chamber 
IS in the reservoir and communicates with the wick-fube through perfora¬ 
tions in the lower part of fi.' plate J. The oil passes into thh chamber B 
through ’the channel A”, and gains access to the tube <7 through the.orifioe 
S. The tube G forms part of the air ehajnber, and the oil flows to the wick- 



• PNEUMATIC? LAMPS. * jot 

• 

(tube until the level therein is as high above the perforations in the plate f, 
tS the oil in the reservoir is above the opening E. Thjs arrangement thus 
permits the descent of the oil as fast as it is (pnsumed. Various modifica¬ 
tions, suoh* as the # bending of the upper end of the tube C" into a siphon, 
may be used in lieu of the chamber B. 

Fig.-248 shows a lamp patented.by T. and E. Penn (No. 10,892, a.d. 1889) 
which is intended for burn frig heavy oils. The wick-tube a has a perforation 
hr perforations coveaed with fustian or other absolvent material d, enclosed 
by an outer casing C, to’whicfr pass tubes D D'. The part 0/ the wick within 
the reservoir is entirely encloi id hy a tube af closed below, so that the 
wick is fed by th^ fustian, which again is supplied through the tubes D D'. 
cThe flow of oil in these tubes is started when the lamp is lighted, by a few 
strokes of a small pump v, or by the use of some alternative arrangement, 
Biich as a collapsible vessel 
extended by aspring. The oil 
continues to flow automatic¬ 
ally as fast *s it is consumed. 

Several inventors have in¬ 
troduced arrangements by 
which the yarious lamps 
throughout a dwelling or in 
an outdoor or other lighting 
system, may be continuously 
supplied with oil from a single 
reservoir. Thus, the arrange¬ 
ment previously described in 
connection with the burner il¬ 
lustrated in Fig. 207 (p. 27^), 
was introduced in 1867 by 
JSrash and Young, and the 
“ Ross ’’ system, Fig. 244, in 
1885 by Ross and Nolan. 

Defries has also patented a 
••method of arriving «fft .the 
same result. • 

In Silber’s system, de¬ 
scribed in the Journal of the 
, Society of Arts for December 
23, 1870, and represented ip 
Figs. 449 and 250, each floor 
X Y of a house is” fitted with 
a reservoir H, which supplies 
all the lamps on its level. 

Each reservoir has a chamber 
F at the bock, Vhich is re¬ 
plenished from an overhead tank serving for the'whole system, and a sup¬ 
plementary reservoir D, imbedded in the ground, is "provided to receive the 
oil in case of firts. Each reservoir has an overflow pipe, and 1 is fitted with 
a float vifriich opens a coe|j when the oil-level falls, and causes the entrance 
of a further supply. . S 

The system patented by T. and A. E. Penn (No. 8882, a.d. 1888, and 
No. 8389, a.d. 1889), comprises the supply of the oil td*the various lamps of 
a system through pipes, similarly to gas, with, various arrangements, of 
automatically controlled valves. Fig. 251 shows 0119 method of applying 
this invention to a double pendant lamp. *Tbe oil flows through a tube I 
traversing the stenf of the pendant, and through an inclined passage Q and 
a horizontal passage H, into a dumber, whence it if distributed to the two 
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lamps by tubes R. The flow of the oil is controlled by a valve 0 , which/'j 
opened ah soon as the consumption causes the descent of a float E. In uie 
case of single burners, the regulating arrangements are fitted in the 
reservoir of the lamp itself, the float being preferably annular iU the case 
of central-draught burners. , 

In a modification, an inner vessel constituting the float, is so constructed 
as to serve as a reservoir for the oil, into which the wick dips, a valve 
opening for the admission of oil to an outer vessel as the buoyancy of the 
inner floating chamber is increased by the consumption of its contents. The 
oil which thus gains access, overflows jnto. the inner vessel until thA increased 
weight closes the vplve. • 

FIG. 252 . 


, 

f 

0 



The FenW system (Patents No. 3067, a.d. 1887; No. 7616, a.d. 1888, 
and No. 12,345, a.d. 1888) for regulating the‘supply of oil from a raised 
tank to a lamp reservoir, depends for its action on the balancing of the pres¬ 
sure of the oil in the supply tube 0 , Fig. 252, by a short column of a heavier 
liquid, such as mercury. In the arrangement shown, thetube 0 dips into mer¬ 
cury contained in a vessel M, suspended from 'a lever which carries a float F, 
resting upon the oil in the reservoir, the exit Pleading to the lamp or lamps. 
When the oil flows too freely, the float lifts the vessel Mfso that the increased 
immersion of the tube in the mercury checks tin supply, whilst, on the other 
hand, if the consumption exceeds the supply, the descent of the vessel if 
permits of a greater flow. The inventor describes several alternative auto¬ 
matic and other arrangements for regulating the flow. The requisite head 
of .oil for supplying a whole system of lamps on c|ifferent levels may 
obtained by the aid of a hea4 of water. , 
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CHAPTER VII. . 


Extinguishing Appliances.—Automatic Extinguishers.—Elevating 
.Gallery for Lighting. 

It is now usual to fit the Ityglr Jjurners with some description of extinguish¬ 
ing apparatus. The earliest form of extinguisher appears to have been that 
which was employed in th'e improved ‘i'Brighton ” burner, patented in 1862. 
This burner has an air-deflector or button, the stem of vfhich rests upon a 
pfti passjpg horizontally through the burner. On withdrawing the pin the 
button drops on the wick a»d extinguishes the flame. 'In the “ Water- 
bury ” burner, the dropping of the button is also effected by the drawing out 
of a pin, but on the pin being released the action compresses a spring and the 
button resumes its normal position. The buttod-extinguisher of the “ Star” 
lamp is brought into action by depressing a thumb-plate, and in this case also 
the button returns to its original position whtfn the pressure is removed. 

* 

* * Fig. 254. 



• Automatic Extinguishers.—A large number * of automatic extin¬ 
guishers, some of which mayals® be operated byhand, have been introduced. 
Kg. 253 shows one of the arrangements fitted to the “ Dupiej;” burners of 
Joseph HinkS and Son. It consists of fcwo’plates having slot^ in whiph the 
forked end B of a lever works. At the opposite end, the lever terminates in 
a ring, within which a weight is suspended. While the lamp is burning, 
the plates or shutter^ are held apart by a catch, but upon the lanjp being 
tilted the upper parbof the suspended weight is liriyight into contact with 
the ringed end of the lever in such manner that the cutely is released and thg 
plates close upon the wicks by tli# action offsprings. The lamp i,s similarly 
extinguished when tlie weight is lifted by hand. In a mpdifieation of this, 
Kg- 254- the spt-ing iVliioh closes the extinguisher-plates i^ released through 
the medium of the pivoted hooked lever A. In one of the ‘^Duplex ” lamps 
of Wright and Butler, the extinguisher is automatically brought into action 
soon as a weighted rod suspended beneath the burner passes to any 
material extent out pf a line perpendicular lo the base of the lamp. 

Dowdall’s automatic extinguisher (Patent K<>. 14,957, w.i>. 1890) consists 
of a top-heavy hollow cap, having an opening at the top, correspoildiag with* 
the size and shape of the wick-tube, which it encircles. The extinguisher, , 
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'sajsstittvst'iittM. 

represents one of the automatic extinguishes patenfei by Ogden 
■*‘g- z 55 “ ,o S ,\ To licrht the lamp? the sliding extm- 

7 The u,.setting or inclination of the latnp causes the weight e to lift the 
^ ■'•.inrllft fi ro that tfio trigger is released and the extingv^her close . 

8P S ole arm,geLnt g rf King and Godfrey, Fig. 256 (Patent No. ,427, 
AD 1 880 the plfftes d rl'f which close over the ,wick to extinguish tfie flame, 

have arms e e between which is fitted' a cam-plate/.earned by a rod g, 
have arms e e , oetw^n n the , ig tilted, the weight turns the 

rod yfso that the cam-plate separates the arms e e'. and thus closes the ex- 


"- -O 

and thus closes the ex- 
F10. 256. 


Fig. 255 - 




tinmiisher. The lamp"may tyj similarly extinguished by moving the weight. 
Thfbase of the, lamp is preferably shaped clliptically so that thd lamp, 1 
upset, shall fake up such a position ( that the rod g * horizontal and the 

arnm^ment the ractmguishing appliance fitted to the “ Shaftesbury 

safety^’ lamp' (Phillips' Patent No. 11,426, a.d. 1886). The extinguish^ 
can c is*pivoted on (the-flat-wick tube, and is connect^ with the weighted 
rod d by the pin e, whifch passes through a slotted hole. When the amp 
stands on a table dr other support the weight rests thereon, and when it is 
carried th <3 rod D is'supported by grasping the slidmg'collar attached toit 
by the cross-bar d\ When, however, the lamp is tilted or‘overturned, the 
rod d falls and.UAws the cap c over the wiek, as in Fig. ^S. while at the 
same time a plate F, sliding on a stud 0 , and continued round the wick - e, 
is raised, so that the wick is entirely enclosed and the flame extinguished. In # 
the case of Argand burners, Pliillips adopts the arrangement shown iq 
Ke. 2?o. The^bytton or air-diflfuser o is attached to the weighted rod D, 
and forms the extinguisher,‘in conjunction with a tube «, which sun-pun 
the outOT wick-tube, and is raised on the descent of the rod. The raising of 
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t\j tube m is effected by the pressure of as pin s, exerted through, rocking- 
Jgvers and pins, upon the pendant rods N. . 

In Johpijon’s extinguisher (Patent No. 7203? a.d. 1888), the burner, Pig. 
260, is fitted with two bell-mouthed or flaring cups i, each containing a 
loose ball j, and laving lids which form the lower arms of extinguishing 
. shutters g on each side of th§ wick. 'When the lamp is tilted or overturned, 


• . * . I'm- 257. 



the tendency of the balls to pass out of the cups causes tl^e lifting of the lids, 
and the extinguishers are tlAis closed over the wick. , 

The “Victoria safety” larflp of Sherring, previously described, Fig. 237 
(p. 290), has an extinguisher consisting of two caps 0 D,which close auto- 
•matically when the lamp is overturned. t 

* Pig. 261 shows. Postlethwaite’s automatic extinguisher, which is fitted 
with two spring shutters closing over the wick. ,The burner-dome, which 
constitutes an essenthj part of this extinguisher* is made in two parts, th6 
horizontal division being just below the slot. The upper part is of 
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metal of considerable thickness, and is sufficiently weighty to hold the* 
spnng-shutters open. When this portion of the dome i? displaced by the 
Overturning of the lamp, the shutters are raised by the springs and extin¬ 



guish the flame. They may also be raised at will liy the use of a lever, 
with which the burner is provided. 

In the 1 ' Water safety ” lamp of Devoll (Patent JNio. 4919, a.d. 1887), 
Fig. 262, the reservoir is surrounded by a water-jacket. If the lamp is 


• Fig. 264. b .* 



^overturned, tjie water runs into a cap surrounding the air-holes of the 
burner and extinguishes the flame. 1 * 

Gallery Elevators.—Several inventors hate*introdueed arrangements 
for raising the gallery carrying the chimney and globe to facilitate lighting^ 
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' and trimming. In Hinks’ “Duplex ” burner, Fig. 263, the gallery is ram 
vertically by turning a key, whilst in Bettich’s “Mitrailleuse bumefthe 
gallery slides up, without the use of a key, sufficiently to permit of 
insertion of a taper. In Wright and Butler's arrangement, Fig. I64, a and b, 
the raising mechanism admits of the ready removal of the gallery (as shown 
in b) to facilitate the cleaning of the burner. 


CHAPXEE VIII. • 

( 

^ 1 •* 

Mineral Spirit and Vapour Lamps. 

r , 

Petroleum spirit or benzoline is largely employed as an illuminant for 
domestic purposes in what are termed “ spongedamps.” These are small 
chimneyless lamps, the metallic reservoir of which is filled with sponge or 
other absorbept material, the spirit being burned with a sslid cylindrical 
wick. ,The reservoir is intended to contain oqly as 
Vm. 265. much of the illuminant as is taken up by the absorb¬ 

ent material, and there is thus no pisk of the highly 
inflammable spirit being spilled in the event of the 
lamp being dropped or overturned, the only danger 
, connected with the use of these lamps being that 
which attends the charging of the reservoir. 

In the majority of the lamps which have been 
introduced from time to time for use with the more 
volatile descriptions of hydrocarbons, the illuminant is 
converted into vapour and is burned at a jet with or 
without previous admixture with air Lamps con¬ 
structed on this, principle were at one time emplpyed 
on the Continent for burning a mixture of liquid 
hydrocarbons and alcohol, and were known as vapour 
lampR or self-generating gas lamps. 

The simplest form of pgfroleum-vapour lamp^cou- 
sists of. a reservoir having an opening at the top, 
communicating with the air, and provided at the base 
with a tube extending downwards and terminating 
in an Argand burner. The reservoir being charged 
1 with some absorbent material saturated with a very 
volatile.description of mineral spirit, such at gasoline, 
the heavy vapour of the liquid flows through the 
tube by gravitation undgr sufficient pressure to fur¬ 
nish a stqady flame of high luminosity, similar to that 
produced by coal gas. 

„ In the vapour lamp of Liidefsdorff, of Berlin, oil 
of turpentine mixed with four times its volume of 
90 per ce»t. alcohol was used. This mixture, though 
• yielding a feebler light than is obtained from turpen¬ 
tine alone, .was found to ( be more manageable and less 
liable to smoke, on acpount of the lower proportion of 
carbon which it contained. The construction of the 
lamp is exhibited in Fig, 265. The burner-tube B, enclosing the wick, ex¬ 
tends almost to the bottom of the reservoir A ; it is contracted at the to# 
and surmounted by a metal knob c, at thfe base 6f which is a serial or 
.perforations. Before u.;iijg the lamp, a little alcohol is bufned in a cup A 
mirrmihdinu the burner-tube, so as to volatilise thb illuminant raised bv 
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(ike wick. The vapour ignites as it issues at the perforations, and the flame* 
produced heats the knob o. When the lamp has thus been lighted, the 
4 feat conveyed from the knob effects the continuous’conversion of the 
illuminaift into vajjour. The upper part of the burner-tube is surrounded 


Fig. 266. 



by an annular air-space, formed by an outer tube, to prevent conduction of 
heat to the spirit in the reservoir. 

The French Gasogene lamps, introduced for burning a mixture of alcohol 
and coal-tar naphtha, were constructed on the same principle. 

The use of a mixture of one part of 
coal-tar naphtha with two parts of wood 
spirit, or four of acetone, was at an early 
date proposed by MaDgfield, who intro¬ 
duced the lamps shown in Fig. 266 for 
burning it. The wick employed for 
raising the illuminant may be tubular, 
as in Fig. 16, or solid, as in Fig. II. 

Figs. 12 to 13 show various burners suft- 
»ali]e for use with soli 3 , wigks. The siie 
of the burner-slit or orifioe d is adjusted 
by a movable cone or cylinder c, and the 
part / which becomes heated and causes 
|he vapour to be evolved from the wick 
may be a hollow button or cajj, as in Fig. 

II, or A solid button through which a rod 
</ passes to the wick, as in Fig. 13 ; or it* 
may be a solid button attached to a “pin 
passing, as in Fig. 14, through a crosspioce, 
to the wick, or a cap which, as in Fig. 15, 
is movable upon t^e wick-holder. In the 
arrangement shown in Fig *16, the heat 
is conveyed to the wick by a button j,% 
and the exterior* cone a slides on the 
wick-holdfer which is provided with 
hooks d for supporting the njick. 

Mansfield proposed to employ benzene 
(benzol) as an illuminant in the lamp illustrated in Fig.*267. The benzene 
* reservoir A Contains a number of cotton* wicks suspended in a wire frame 
over the lower end of the wide curved tube b, through ^ which air is drawn 
by the actioi? of the chimney during the*bunfing*of the lamp. .The burner 
is of the Argand foftn. The lamp is lighted by blowing air through the 


Fig. 267. 
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mouthpiece a, until a flame is produced, and the chimney has become 
heated; ftir subsequently flowing in a continuous current through the tube i, 
and becoming cha’rged with the vapour of the benzene in its passage through 
the reservoir. Fig. 268 represents a modified form of this lamp, also in¬ 
troduced by Mansfield, for use with hydrocarbons less volatile than benzene; 
a is a tube through which air passes upwards to the chamber b, which is so 
placed as to be heated by the burner, c is an inner tube through which the 
hoated air travels downwards into the reservoir or evaporating vessel e, and 
/ is a branched tube through which the mixture of air and vapour ascends 
to the burner. , ' 

Lamps in which coal-tar naphtha i„ burned without a wick, in conjunction 
with an air-blast, Wve been introduced by Bealo (Patents No. 6537, A,D. 
1834, and Mo. 7501, a.b. 1837) and by d’flanens, In the Bealo lamp, the 
air passed through and became charged with the naphtha, producing a single 


Fig. 269. 



long flame when the burner wag supplied witn a double air-current; while 
the lamp of , d’Haneus, which had a knob surrounded by perforations, 
similar to that with which Liidersdorffls lamp was fitted, gave a ring of single 
flames. 

The conical tin lamp so largely used by costermongers and others for 
obtaining, an outdoor ligJjL is one form of a lamp introduced by Read 
Holliday (Patents No. 13,015,/.n. 1848, and 12,965, a.d. 1850) for burning 
copl-tar naphtha. The inventor .describes a large number of modifications 
for indoor'and outdoor use. In all of these the burner, which consists of a 
perforated flat or annular chamber, pequires to be heated before the naphtha 
is allowed to flow to it from the reservoir, but when the flame has been, 
kindled, the heat emitted vaporises the liquid before it escapes from the 
burner. The flow, of the spirit is regulated by means of a tap, or by the 
introduction of cotton-wool or otjier fibrous material into the supply tube. 
In the case of the lamps fitted with reservoirs below the burners, the 
oil may be raised to the .burner chamber by a wick or otherwise. In one! 
fdrm of > lainp having' several burners, one of the burners serves as the 
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Haporising chamber from which the others are supplied. Ia most of the ° 
bteners, the vapour is mixed with air before combustion. ^ Fig. 269 exhibits 
«dfce construction of the burner of a lamp employed for outdoor lighting. 
The oil flcftv* from the overhead reservoir through a regulating stopcock, into 
passages H in th«u burner; here it becomes vaporised, the vapour passing 
through a fine aperture E and a tube. F, and being deflected by a cone placed 
• above -wires G. The stream* is thus subdivided and several jets of flame 
are produced. Apertures I J M, closed by screw-plugs, facilitate cleaning 


l^G. 2JO. 



uid a screw B C regulates the passage of the vapour through tfce 

ipemng . ^ gne 0 f three arrangements patented by Gedge {Patent 

No. 1-5,018, A.D. 18to). ThS spirit is raised to a cliamtemB by a fireclay 
wick A, and is there vaporised by the heat of the flame at the circular 
burner E. A circular stopcock C adjusted by a screw*E, regulates the 
passage of the^vapour to the burner. • • ., , 

’ King (Patent No. 1863, aTB. 1856) has described a spirit lamp provided 
with improved*arrangements for supplying air to # tke IJame, and preventing 
the conduction of heafr to the spirit in the reservoir. 
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A lamp for which Broad obtained provisional protection in 1857 (N§.- 
2489), i# described as being furnished with an Argand burner, through 
which passes a tube provided with a separate wick. The Arganji tube fflf 
a metal guard at the top, whilst the inner tube, which extends somewhat 
above the Argand tube, terminates in a perforated biftton. On lighting 
the wick of the Argand burner, the button formjng the top of'the inner 


Fig. 271. «• Fig. 272. 

*r * , 



tube becomes so heated as to vaporise the oil* which burn* at the perfora¬ 
tions as a sepa;x.t6 flame, or coalesces with the outer flame. 

Fig. 271 represents a lamp patented by Newton (No. 1488, a.d. 1858), > 
in whioh the necessary heat for volatilising the illuminant is furnished by 
a flame burning at the end of the wick in a tube G, perforated bsiovr ' 
for the entrance of air. The products of the incomplete combustion winch 
• occurs in ^this flame, t togetbeh with the vapour from the heated wick, and the > 
air drawn in by the flame, pass up the tube and gife a luminous flame at 
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The lamp is provided with a fixed ease F, surrounded by a case 27 , < 
pAferably non-conducting, having a handle I. The casings F H are furnished 
•with apertures whioh may be made to coincide so that dccess to the wick 
may be oDlained. Air is admitted to the flamei through a space g. 

In a chimneyles# lamp, Kg. 272, patented by Newton on behalf of Racey 
(Patent .No. 1162, A.D, 1859), and in some respects resembling the “ Anu- 
capnic" burner patented by Rowatt (see p. 269), air is supplied to the 
flame through three perforated cones, G, G', G", arranged in the manner 
Bhown in the illustration.* * 

Lamp* in which the oil is rais^l by a wick, and burned after volatilisation 
and admixture wit]} air, have also b*un patented by Newton on behalf of 
indents abroad (Patent No. 2398, A.D. i860, ancf 2958/A.D. 1866). One of 
Fig. 273. 



with a clockwork-driven fan for supplying air to the burner. 

Pig. 273 show^ a lamp introduced for biuatag the vapour of benzoline 
or other hydrocarbons, by* Pouschkareff (Patent No. 5832, a.d. 1883). 
The illumihant is raised in a tube a by aa wick, to such a height thatohe 
heat of the flame,‘which burns'at openings in (he end of the tube, volatilises ’ 
it as rabidly -as it* is consumed. To effect the requisite heating, a ring of 
silver or other metal furnished with projections d is fitted upon the tube. 
The ring is carried by a rod terminating in a hook e, and may be adjusted 
to vary the amount of volatilisation according to th# light required. A 
* silver wire Sent so as to encircle the flame may replace this arrangement, or 
as another alternative the end of the tube a may be surmounted by a cap, 
so perforated or slit as to give a flame of theMssired form. % 

• The “ Gas-mak*” lamp, Kg. 274, patented by Wood (No. ’2337, A.D. 
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1884), has two wicks, a long, tightly compressed feeder and a short, loos?, 
asbestos, t cotton, or other wick A above it. A perforated cap B forms <Jhe 
burner, and coinniunicates the heat downwards to volatilise the liquid. Jttf 
air-chamber I) may be added to prevent flooding of the wick it! case of the 
lamp being overturned. » 

Fig. 275 shows a vapour lamp introduced for burning Russian petroleum, 
by Chandler (Patent No. 10,234, A.D. 1885). As in the lamp shown in Fig. 
271, the products of the imperfect combustion .of a flame a at the end of the 
wick, become mixed with air and burn with a luminous flame at / 3 . The air 
is admitted through a cylinder of wire gxuze or perforated metal F, sur¬ 
rounded by a tube E, which may be perforated throughput its whole length 
or at the top or bottom only. Air may also be admitted through perfora¬ 
tions in the casing B. Tbo reservoir consists of inner and outer chambers 
.l 2 A 1 , the latter of which is open to the air at G. The action of the flame 


Fig. 275. 



a is staged to ra,ise the level of the oil in the chamber A 2 , and thus supplement 
the capillary attraction exerted by the wick. In a modification (Patent 
No. 12,336, a.d. 1887), shown in Fig. 276, a chimney is used and the burner 
is enclosed in a ground-glass or porcelain cylinder c, which imparts heat to 
the air entering at perforation? e. The wick-tube is surrounded by a tube 
g,, to which air is supplied through openings h. 

Another lamp in which the vapour is generated by the use of a secondary 
flame, is that of Stringfellow (Patent No. 7578, a.d. i$86).» In‘this lamp, 
Fig. 277, the flameoburns beneath a cap e, apd the requisite amount of air 
to give a flame at e' of the maximum luminosity is admitted through slots / 
which may be mpre or less dosed by means of the regulator g. The oap 
may consist of an inner and outer shell, between which air also passes to the J 
base of the flame. Stringfellow’s patent also' include an Argand burner 
with a baffle plate dr “ button^’ for'directing a Current of air oil to the flame, 
mi well as Suitable tubes and perforations for supplying the air which .is 
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ffiixed with the vapour. Sometimes the vapour generated by a single * 
gjoendary flame is oonveyed to two or more burners. . 

«*• Fig. 278 exhibits the construction of the “ Sun Automatic Gas-lamp,” 
patented By* Hearson. The mineral spirit flows from a reservoir into a 
tube F containing*, Vick, and is there vaporised, the vapour passing through 
a cohieal orifice, into the burner tube H, together with the requisite quan¬ 
tity of air. The supply of* vapour to the burner tube is regulated by a 


t » 

.Fig. 271? • 



screw J. Two smill holes in the tube H produce fine jets of flame which 
impinge oh th» inner faces of curved plates g, and thus assist the vapori¬ 
sation of the spirit in the tubp. F. At starting, the reserf 015 valve is opened 
fully, so that some of the spirit runs into a cup K. The valve is then 
closed, the spirit ignited, and, when sufficient heat has befln imparted to the 
•burner for tffe automatic generation of the vapour, the valve is partially 
reopened. * 

In the “ Orion ” lamp, introduced Ify Mbssrs. Whittle an 4 Son, and 
intended principally fbr lighting streets, mines, &c., the oil from an over- 
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head reservoir gasses through a tube plugged with colton, and "fitted with a 
regelating tap. It issues from a fine aperture, and, impinging on a 
previously ^heated brass plate, is volatilised. The flam# burns A a slit 
rfesembling that of an ordinary batswing gas-burner. 

Fig. 279 represents a fiat-flame burner and a circular burner, introduced 
by A. and- 0 . Huff (German Patent, No. 36,279). In each, the oil issupplied 
from a reservoir by a wibk, and is burnt in the form of vapour. In the 
former, the flame burns at a slit Z, on an adjustable slide K, and heats a 
plate F, with the result thkt thb oil is volatilised at *the end of the wick. 
In anothdl' form of the. flat-flan^ bprner, the tube B is elongated and 
furnished with a sli^ In the case of‘the circular burner, the supply tube 
passes over the burner, so that the plate F is unnecessary^ A small quantity 
of spirit is burned in a cup beneath the burner to start thj lamp. 


CHAPTER IN, 

• * 

Blast or Spray Lamps. . 

In these lamps, which are of comparatively recent introduction, and are 
principally employed to light large spacos where the flame may be exposed 
to wind or rain, the oil is burned in the form ot spraj or vapour in a blast 
of air or of steam and air. The lamps of Beale and d’Hanens, mentioned 
in the last chapter, may be considered as belonging to this class, although 
the air was supplied at a considerably lower pressure than in the modern 
lamps, the pressure in Beale’s lamp only amounting to from half an inch to 
three inches of mercury.’ ' • 

. In the “ Lucigen ” spray lamp of Lyle and Hannay (Patents No. 7162, 

A. n. 1885 ; 1626, A.n. 1886; 1632, a’.d. 1887 ; and 3113, a.d. 1887 ; vide also 
Hannay, “dour. Soc. Arts,” 1887, vol. xxxvj 57), the blast is so powerful as 
to break up the oil into extremely fine particles, and to produce a very stiff 

•flaipe, whilst the air su'pply is so adjusted as to give a bright light *wittrout 
evolution of smoke or utcqnsumed vapour. • , 

Big. 280 shows the common form of this lamp. The air is supplied at 

B, at a pressure of about 20 lbs. to the inch, and passes through a tube 
jjito the tank, from which it forces the oil up a tube F, furnished with a 
cock G, to the burner. The necessary quantity of air for breaking up the 
oil into*tprny, and ensuring pA-fect combustion, passes through a controlling 
coCk and a tube I, into a coil superheat^- If, Figs. 280 and 281, in which 
it circulates round the flame, and becomes highly heated. Thence it passes 
down a tube L into the burner, heating the oil, and mixffig with the oil- 
spray and vapour as these are driven out through the nozzle IJ. 

Owing to the form of the burner, air is strongly drawn in round the 
base of the flame through perforations in the shell of the bftrner, and 
is heated before reaching the point where combustion occurs. A small 
permanent flame,* supplied by an asbestos or other, wick //, relights the , 
spray in ease qf accidental extinction. t f 

With the ordinary largl-size Lucigen, a tapering solid flame, about 3 feet 
in length and 9 inches in'diameter, of an illuminating .power equal to 
2000 to 2500 candles, is produced. The lamp is usually forked with heavy 
hydrocarbon?oils or creosote, of which it burns about two gallons per hour. 
Smaller apparatus, giving the light of from 400'to 800 candles, and a 
powerful Ludigen with a triplex burner #f gopo to it,o»o candle-power, are 
ajso constructed. • ’ • * • • , . 
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When the size of the flame does not require frequently adjusting, thfe 
earlier fc|iu of the Lucigen, Fig. 282, may be used. In this lamp, the uir 
passes through an'india-rubber tube 0 into a vertical superheater E, whieb* 

' Fro. 281. 



consists of an internal and an external tube. The air travels up the inner 
tube and down the outer tube, which is of copper, and having thus become 1 
heated, passes to the burner at F. The tube H supporting the burner 
is also double, so tbat the compressed air passes down within toe outer tube 
And forces 1 the oil up the" inner tube to the burne*. The air and qtt 
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supplies are simultaneously regulated by screwing the burner J up or down, 
a*>4 looking it by a jam-nut K. 

. Where An. air-blast is not obtainable, steam may be used, the diminution 
of the light caused ^>y* the presence of the water vapour being but slight, on 
account of, the combustion being mpinly supported by the air drawn in 
• through the perforations in the burner. In one arrangement, the steam for 

* iYia . 282. 



producing the blast is generated in a copper vessel on wjiich the flame 
impinges. When steam is used, the oil is supplied to the burner by gravi¬ 
tation from a higher level, or if tlje reservoir cknnot conveniently be placed at 
a sufficient elevation the oil may be raised from a tank below the burner by 
the pressure of steam admitted.into a flexible bag within the tank. • . 

In the Wells’light, %. 283, patented by Wallworkand Wells (No. 2352, 
.AD, r888, and Nos. 6738 and 2o,366,«a,d. 1889)3 the oil is raised^ to the 
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burner by compassed air occupying the upper part of the, reservoir, or by 
the^ise of springs or weights, and is vaporised, before combustion, by the 
heat of the flame. The use of an air-blast is dispensed with. The reservoir 
is provided with a p^rfip p for charging it, and with a screw plug u, having 
a verticil groove traversing its thread.. Air may to admitted to the reservoir 
by partly unscrewing the pug» By means of a rod u, attached to the plug, 
th» height of the liquidrin the,reservoir may be ascertained. The burner 
may consist,_ as shown in* Fig! 284, of a hollow casting b of annular 
form, whichais shaped conicially on t i0 side facing the nozzle c, screwed into 
a branch of the casting. In starting fine lamp, a piece of tow saturated 
with oil is burned in a cup e , to heat the burner. The oil becomes vaporised 
in tne chamber b, the vapour passing out at c, drawing in airbile travelling 

Fie. 284. 



through a cylinder and cone d d 1 , and burning at the mouth of the burner. 
The casting b may ha$re projecting hollow or soSG (Jills <7, which bfecome 
heated and assist in the vaporisation of the oil. The cover f of the burner 
is provided with air-holes^ 1 . The burner sofnetimes hqs .a wiad wane /*, * 
the tube a being arranged to turn'in the supply tube Fig. 283, ’so that 
the flame shall always beep in Jjne with the*wind. 

Several other arrangements *of burners have been patented by these 
inventors. In Fig. 283, and the detached figure represented in the flame, 
the burner consists of a double ring casting through which tfie flame passes, 
thf oil being healed in its passagj through thd annular spaces. 

A number of blast lamps have been patented by Roto (l$os. 4504, 6333, 
16,987 and 18,101*, a.d. 1889). Jnhis “Diamond ”*]amp, tile oil tank wants,ins 
a.water tank from which*a coil of pipe passes round tho flame. The steam 
thus generated exerts a pressure m the water reservoirs oi about 35 lbs. 
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on the square iqch, and the oil, which flows by gravitation irom the oilgank 
into a small well on the burner, is converted into spray without the use 6i 
compressed air. His “ Beacon " lamp, designed for use in lor/-ioofed struc¬ 
tures, has a flame which burns vertically downwards’ a/id the oil is raised 
to the burner by air compressed into.the reservoir to about 25 lbs. pressure, 
In the “ Comet ” lamp supplied by Sinclair arid Co., and in the “ Scott' 
lamp, the oil is also ponveyed to the burner through the medium of air com¬ 
pressed into, the reservoir, and is burned Without an air-blast, whilst in th< 
“ Ne Plus Ultra ” lamp of Kempsoo and Co., steam, generated by the heat oi 
the huruer, is employed for the sanlb purpose. r 


, CHAPTER X. 

■ Manufacture of Oil Gas. 

Tins important illuminating agent may be considered as the forerunner 0 
coal gas, although its employment was almost discontihued until quit 
recently. The use of compressed oil gas for lighting purposes was suggest® 
as early as 1792 by Murdock, and in 1815, Taylor of Stratford, Essex, tool 
out a patent (No. 3929) for preparing gas from vegetable and other oil 
by passing them through highly heated pipes. In 1819, Gordon and Heari 
patented (No. 4381) a means of compressing the gas so as to render i 
portable. The gas prepared by Gordon was 'examined by Faraday, wh- 
published a paper of great interest on its bye-products (“ Phil. Trans. 
1825, 440). * , ‘ # 

The recent 'development, of the industry appears to have commenced ii 
1871, when oil gas was introduced with marked success on the railways c 
Silesia. This illuminant was adapted by the Metropolitan Railway in i8j£ 
and is now largely used both for trains and' on' board ships, as welt as 10 
lighting buoys, lighthouses, dtc., on account oi: its great light-giving powe 
and because it suffers less deterioration under compression than coal gai 
For use in buoys, it is generally compressed to about 10 atmospheres. I: 
New York and many other cities in the United States, a mixture of oil ga 
and water gas is very largely supplied fov domestic lighting purposes, an 
in England oil gas has been uqpd to a considerable extent by the Gas Ligh 
and Coke Company and other gas companies as an enricher of coal ga< 
In' this counlry, oil gas has until recently been usually manufactured from 
residual product obtained in the distillation of Scotch shale oil. ‘ This prt 
duct, which is known as gas oil, is intermediate in respect to specific gravit 
and flashing point between the burning oi(s and lubricating oils. Latterb 
, an intermediate oil obtained from Russian petroleum has been employed b 
the gas cdmpanies as a source of gas. , 

A system w,hich has been largely adopled in ‘making oil gas for use i 
buoys, lightfypijses, &c., is that of Pintsch <i(Patenfs Ns. 3101, A.D. lEjtS 
4515, aVd. rSi 6 ; and 4967, a.d. 1883). The retorts, which are of 
and D-shaped, are heated to a bright' cherry redness, and are 
pairs, one being set above the other. The oil is run into,the upper rc$(H 
at one end, where it falls upon an iron tray, and the,vapour thus produw 
passes into the lower and hotter retort where the conversion into .je! 
maneift gas is oomplSteU The gaseous product thence travels through • 
hydraulic main, where much of the tar is deposited. The oil. gas 
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piMfces through a condenser and purifier into a gas-hofder. Abbdt 80 cubic 
feet gas per gallon of oil is considered a good yield. 

• Jn, the arrangement of Pope and Sons, used by the Loifdon and 'North- 
Western Railway Company, there are also two sets of retorts, a lower set 
into yhieh the oil i^ admitted in fine streams, and an upper set in which 
the products are subjfected to further heating. 

. In the Keith plant, which jfs used in connection with the Langness and 
Ailya Craig Lighthouses, the central portion of the retorts is constricted as 
shown in Pig. 285, apd the *il fs delivered through an inclined trough into 
this constricted and hottest part. One gallon of oil is said to yield from 100 
to 150 cubic feet of 50 candle gas. 


Fig. 


Paterson's oil-gas apparatus is fitted with cast-iron retorts into which the 
oil is introduced by pipes passing through them from the front nearly to 
the back. The oil becoiuBs vaporised while traversing the pipes,*and is 
converted into gas while passing back through the retorts to the outlet at 
the fforit. ’ 

In the process of oil-gas manufacture the vaporised oil i» subjected to a 
sufficiently high temperature to effect the .conversion of the liquid hydro¬ 
carbons into a permanently gaseous produet of high illuminating powdr, hut 
it is ifcportant that the ht%t implied should not be so high as to. cause the 
deposition of carbon from the gas. The colour of the gas at the time of 
production should be nut-brown and the tar separated from the gas in its 
passage through the hydraulic main should when dropped on white paper 
i.ot»exliibit a greasy margin. If the oil be supplied to the retort too 
abundantly, or if the temperatur? of the retort be insufficiently high, the gas 
will be light brown or jvhite in colour, and jhe greasy margin referred to 
will be formed; whilst, on the other hand, if too little oil be passed into the 
retort, or if the temperature of the retort be too high, the cdTOur of th# gas 
will be dark brown and flakes of soot will be discernible. After passing 
through the hydrauiip main, the gas is washed with water and purijied by 
passing it over a mixture of slaved lime and sawclust.in the preportion of 
two parts to one: • 

When compressed to 10 atmospheres, the gas loses about 20*pe?cent. of 
its illuminating power o&ing to the deposition of hydro^rbons, and then 
possesses an illurriTnatirig pow%r of from 40 to 50 candles. . Jhe cost of the 
gas manufactured at Blaekwall "by die Trinity House authorities, is said to 
be about ios. per thousand feet. ' According to Thompson, the use of oil 
gts on the Metropolitan Kailway is less costly than that of coal gas. 

• Oil gas is rich in ethylene, marsh gas, and crotonylhne, and, according to 
Martius (“ Berichte der deutsclien cliem.Gesellacfyift,” i. p. 88), frequently con 
tains a considerable amount of acetylene. Armst/offg and Miller, however, 
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do not confirm this. The tar obtained in the manufacture amounta#to 
about 5 gallons per 1000 feet of gas, and is usually burned undqy the 
retorti r ,♦ 

The liquid obtained by the compression of the gas is exported to Belgium, 
where it is said to be used as a solvent in the manufacture of varnish. It 
contains from 24 to 65 per cent, of benzene and toluenfe (GreviBe Williams, 

“ Ghem. News,” xlix. 197), but is practically free from paraffin. Its employ¬ 
ment in the carburetting of water gas and air has been proposed, the strong 
characteristic odour 'of the gaseous illuminant thus produced being of advan¬ 
tage in respect to the detection of leakage. J c 

For further information regarding the manufacture and nature of oil gas, 
see Ayres (“ Proq Inst. U.E.,” xciii. 298-3C3), Armstrong (“ Jour. Soc. Chem. 
Ind.,” 1884, 462), Armstrong and Miller (“Jour. Ghem. Soc.,” 1886, J4), ‘ 
Koehler's “ Handb. der'Mineraloel-Gaf-beleudhtung und der Gas-bereitungs- 
oele,” Lewes (“Journal of Gas Lighting,” &c., 1891, vol. Ivii. 1182); and 
“Cantor Lectures of the Society of Arts,” 1890, Macadam (“Jour. Boo. 
Ghem. Ind.,” 1887, 199), Biowan (ibid. 1888, 195). 4 

Practical'experience has demonstr ated that with a view to the production 
of a permanent gas suitable for use in the enriching of coal gas, the 'disso¬ 
ciation of mineral oils, can be most advantageously effected by the heating of 
the vapour in admixture witlr a gaseous vehicle such aa water gas. The 
Springer, Lowe, and other processes largely employed in the United States, 
and already adopted to some extent in this country, are 'based upon this 
principle, but the consideration of these processes lies outside the scope of 
this article. 


1 CHAPTER XI. ‘ 

Air-gas Machines'and Carburettors, 
c \ 

Air gas, which is largely used in the United States and elsewhere, consists 
of an Inflammable mixture of airland the vapour "of volatile liquid hydro¬ 
carbons, suph as the lighter descriptions of petroleum spirit known as'gaso- 
line. The proportion of the vApour which air Is capable of taking up varies 
with the temperature and with the nature of the carburetting material 
used. Air is stated to retain of the vapour of gasoline (sp. gr. 0.650) 5.7 
per cent, at 14° F., *0.7 per cent, at 32° F., 17.5 per cent, at 50° F.,%nd 
27.0 per cent, at 68° F. ‘ , 

Letheby (“.Jour, Soc. Arts " x. 87) stated in i§6i that the carburet¬ 
ting of coal gas with 1 o grains of volatile hydrocarbons per cubic foot resulted 
in ap. economyTjf from 40 to 50 per cent. Air charged with 735 grains of 
gasoline per cubic foot has been found to possess an illuminating power of 
16.5 candles when consumed at the rate of 3J cubic feet„per hour in a 15-hole 
Argand burner. - * * , * 

The carburetting of illuminating gas or air appears to have been first 
proposed in 1 -1831 (Patent No'. 6179) by Lowe, who.in 1841 obtained a 
patent (No. 8883),for a carburetting process. Mansfidld (“Jour. Soc. Arts,” ii 
520) and Longbojtom (“ Jahresbericht,” i8^6f 422), also proposed methods 
of carburetting air. The carburetting of coal gas by the introduction of 
the vapour of vqlatile hydrocarbons is now carried on to a considerable ex¬ 
tent by gas companies in this country, as it affords' a ready means*)# 
increasing the illuminating power of the product at the time of delivery 
from the gas-holder. , „ ' 

Air gas-making' mabhfnes are usually constructed on the principle of * 
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jtssing air over a considerable surface of gasoline, tffe requisite area being 
in spine cases obtained by the use of curtains of flannel suspended in the 
•ajpuretting chamber with their lower edges dipping into li reservoir of the 
fluid. * . . 

The chief difficulties experienced in the use of such machines arise from 
over-saturation of #he air in warm weather or when the apparatus is first 
• charged, and reduction*in the temperature of the gasoline by evapora¬ 
tion. These difficulties have been to a great extent overcome by immersing 
the carburetting chamber hi a tank of water and placid^ the whole apparatus 
below groi*id. , 

Even under these circumstances, L*Twever, fractional evaporation occurs, 
and a residue of insufficiently volatile spirit remains after,the apparatus has 
been for some time in use. With a view of overcoming thin objection to the 
process, an apparatus termed'a “metrical carburettor” has been introduced 
by, an American inventor of the name of Jackson. This machine is so 
constructed that a measured quantity of the gasoline is delivered to the gas' 
or air passing through it, the proportion recommended being i J to 2 gallons 
per 1000 cubic feet in the case of gas and 3 to 6 gallons (according to the 
ilUnhinating power required) in the case of ai i. 

• Muller’s “Alpha” gas-making machine" Fig. 286,(p. 328),consists of a 
rectangular carburettor or chamber containing a number of shallow trays over 
which gasoline is caused to flow. In connection with the carburettor is a 
revolving*blowdr driven by a weight, a weighted lever being added to keep 
the drum revolving while the cord which sustains the weight is being 
re-wound on the drum. The air is driven by the blower over the surface of 
the gasoline and is thus carburetted. 

Several patents for air gas generators and for lamps in the body of 
which air is carburetted for immediate consumption, have been taken out 
by Hearson and Kidd, the* latter in some cases in conjunction with Tavesey. 
Among these may be mentioned Hearsqn’s “ auto-pneumatic ” gas machine 
and*Kidd’s machine (Patent No. 1917, a.d. 1873). In the latter, Fig. 287 
(P- 3 2 9 )> the gasoline is driven from a reservoir onto which a\r has been forced 
by a pump to a pressure of 10-30 lbs. per square inch, through a pipe into 
a boiler surrounded by .an, outer casing *containing water heated by a gas 
flame. The vapour generated passes intermittently under pressure through a 
a jet, and becomes mixed with air which is drawn in through a’valve fitted 
with an adjustable socket to regulate the amount entering. The mixed air 
and vapour pass to the gas-holder, which is fitted with an automatic 
armngement for cutting off the supply of hydrocarbon vapour when it is 
full. , * 

Fig. 288 shows Lothammer’s air-gas machine. The aif supplied at a 
constant pressure at A, passes from j;ho* outer casing of the apparatus 
thrtragh an arrangement of'cheek valves 0 , in chambers Jifinto a tube E, 
terminating in a number of small flattened tubes I. These tubes are so 
arranged as to cau^e the air which issues from them to bubble through 
gasoline in an inner*ohamber G, supplied from sft-estjrvoir g, through a pipe 
F. The gas is withdrawn for use through a pipd M. A coil of pipe t, through 
which air which Ijps been heated by a mime is caused to pass', may 1® 
employed prevent excessive cooling of the liquid by evaporation. An 
adjustable weighted balance naive S regul&tes the pressure according to the 
number of burners in use and {heir distance from the genefhtor, any excess 
of air supplied at A escaping directly from the vessel C at the valve, before 
carburetjed. ■ * 

« ^. - ng the largq npmber qf other inventions introduced for enriching 

coal gas and cai$uretting water gas or air by means of the .vapour of mineral 
spirit, the limits of thij article only permit menlien*of the following., . 






































• passes through a ..tortuous path before fts dischnr^e at E. The plates an 
surrounded by spongy or fibrous matter^ F dipping into the liquid, a larg< 
surface for evaporation being thus exposea to *the gas. A waive H i 
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arranged to disconnect fibe two chambers when the plug N is removed for 
'charging the chamber A. *, - 

In the Maxim' carburettor (Patents Nos. 703 and 2508, A.D. 1889), tape 
illuminant—preferably gasoline—is evaporated under the action* of heat,, 
so that fractional evaporation or any alteration in the rate of volatilisation 
due to variations in the temperature of the air is prevented, and the 
amount of gasoline vapour introduced into the, gas or air is automatically 
adjusted according to the rate of consumption of the product. Experiments 
with coal gas show that in this apparatus* the‘gas 1 is carburetted to an 
extent which is practically the same whether a large or small number of 


t 

Fig. 289. 



burners is supplied, and that the carburetted gas deposits no liquid when 
cooled to io° C. (50” F.). * . *', 

Jn Maxim’s improved apparatus, Fig. 290, the gas to be enriched is 
•supplied at £to‘ a mixing chamber b surmounted by a gas-holder d. which 
rises and falls in mercury contained ( between the chamber b and the outer 
casing constituting ,the lower part of the chamber a, Tne gas-holder 
has perforations an the proper position and of a regulated size, so that 
when it rises to a certain height the gas is delivered to the upper part 
of the chamber a, and passes aw/iy at /. The gasoline is supplied at h 
from a distant reservolt at a suitable level,* to a chamber g heated by 
steam or by hot air* from a rjng burner surrounding its lower part, and 
strengthened by internal plates g‘ having perforations so arranged as to 
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ensure arcuiarion of the liquid as shown by the arrows." The vessel 5 
terminates in & tube g 1 , through the cap of which slides a tube j fixed to the' 
•gas-holder and having a series of apertures. As the "gas-holder rises or 
tails, a greater or ^less number of these apertures are above the cap, so 

■. < Fia. 290. 



that more or less of the gasoline vapour is allowed to* mix with the gas 
in the holder, aecordiftg to the rate of consumption. • To provide further 
regulation, the tube j may be fitted with an interior tube j Similarly per¬ 
forated and adtfntfing of longitudinal or angular adjustment, so that the 
openings may be brought more or less* into qpipcidenfce to vary as required 
the quantity of valour passing through them. • * 
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In another arrangement, the tubes jj 1 are dispensed, with, 
holder carries a rod which passes through the cap of the tute 0*Wj|g| 
tapering V-shaped grooves which permit passage of more or ^ 
the holder in proportion to. the width of the channel whiefc 

^ Weston’s “Omegft" lamp . /Patent 

Fm- 291. No gl0) A I)| !8 7 4), in which coal gas is 

carburetted by means of hydrocarbon# 
Km . vapour, is hrrenged .similarly to his 

wW .. carburettor previously describ^l. The 

lamp reservoir is divided into an upper 
and a lower section b’v a partition, the 
upper division holding the gasoline and* 
the Iqwer containing sponge or other 
£b absorbent material saturated with the 

T| liquid, a largo surface for evaporation 

\\ ^ being thus provided. The lowpr chamber 

i _* s supplied with spirit from the upper 

one through a valve, the desired lev'el 
®S>W ‘’being maintained by the action of a- 
‘ float lying on the surfaoe of the liquid. 

The gas to be enriched passes through tho lovfer chamber and thence to 

Fi". 291 shows a coal-gas carburettor introduced by Spong (Patent No. 
2664, ad. 1889). It- is furnished with a reservoir charged with ordinary 
petroleum oil, and is.attached to the gas-burner in the manner illustrated. 
The oil is carried to the flame by an adjustable wick. 


CHAPTER XII. 

V 

Ships’ Lights, and Railway Carriage Roof Lamps. 

These lamps differ from those employed for othdt purposes principally in 
the arrangements adopted to prevent extinction of the flame by wind or 



The two illustrations in Fig. 292 represent one form of the Silber lantern 
which is employed for ships’ side /vnd masthead lights. The necessary 
draught is. produced by a ‘tapering metal chimney, aad the reservoir 






















t&iBeed in the compact form shown, an external myiea 

t^hstment of the wick (which is required about once ip «^»»*) ’"W* 

•opLioft the lantem. The air for supporting the 

chamber formed between two vertical plat^atthebMkof theian era, 

Ihrooeh two vertical tubes about one-third the height of the chamber and 
£ a® inch or more, in diameter.. The tubes are fitted with wire gau^at 
their lower ends with tHfe object of breaking up the air-current. The air 
passes upThe chamhe. ,wi*h,a'\eiocity depending pn the force of the wind, 


Fig. 293. 


Fig. 294."' 








the figure* • • . 0 r combustion without allowing 

To permit, the escape o ‘he product^ot by ^ actionof the 

entrance of wind or water, ifc>s pg hvatnlate The gases thus 

HSfewrift'Si'wasW - .?*■ 
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neplacea Dy a nai flanged cover which directs, any downward aiy-currents or 
water through an oj^n tube surrounding the upper part of the lantern. *_ 
To provide for an excessive inflow of water such as may occur through 
the breaking of a wave, an oiitlet tube may be fitted thrpu^h thte body of 
the lantern as shown in Fig. 293, and a metal ridge may bp added to direct 


any entering water towards the tube. . „ 

The oil-container and lens are kept cool by all&wing a portion of thp air 
which enters the lamp tjopass over the cont^iasr^and, to travel upwards 
between the leng.and the flame. The heat of the flame is stated to be even 
then always sufficient to prevent the congealing of the oil, which Has been 
known to occur in some forms of malohead lights. Colza oil is used in 


these lamps in preferaice to petroleum. 

Fig. 294 represents a lamp introduced by Silher as a railway carnage 
roof lamp. The oil reservoir A is annular, And is placed below the horizontal 
wick. The air for supporting the combustion passes through perforations 
in the outer casing, a considerable portion being caused to travel over the 
reservoir to keep.'t cool. After circulating round the exterior of'the com¬ 
bustion chamber, it passes down .through a perforated grid into the burner 
dome, whence it issues, round the flame. The combustion chamber at the 
base of the chimney is lined with white enamel, and is shaped to act as a 
diverging reflector, so' as to distribute the light downwards. 

Fig. 295 shows a railway carriage roof lamp introduced by 4 -ria (Patent 
No. 15,768, A.D. 1 888),,for burning ordinary petroleum oil. An upper 
reservoir A' supplies the oil to a small chamber A , having an inwardly-turned 
lip a, which prevents spilling in case of a sudden shock. The detachable wick 
case D is carried by a skeleton frame B secured to the lip a, and a tube C 
passing through or replacing the inner tube of the wick case, allows 
passage of ajr to cool the chamber A and support combustion. The base 
of the reservoir A' serves as a reflector. 

Circular-wick lamps for railway Carriages, ships’ signal lights, <S;c.„ 
have also been introduced by Ridsdale (Patents Nos. 1524, 1620, 2420, 


A.D. 1872) 
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1. Early History of Safety Lamps. 

“Ordinary candles or lamps of the simplest construction serve for the lighting 
of'most metalliferous mings and seme coal mines, but in the large majority 
of the latter the use of such applia nees for lighting purposes is attended with 
very great risk. In fact, for a considerable number of years, mines wherein 
the conditions were such as to prevent the employment of naked flames 
were necessarily left unworked for want of a safe means of lighting. 

The first step in the direction of providing a safe light for use in an 
explosive or inflammable 
atmosphere was taken by 
Spedding, who, in 1700, 
introduced the steel-mill, 

Fig. 296. This contrivance 
consisted, as will be seen 
from the illustration, of a 
st^el disc mounted on *a 
horizontal axis carrying £ 
pinion, which could be 
rotated by a large spur- 
wheel also mounted on a 
horizontal axis, and pro¬ 
vided • with a cranked 
handle. In the use of the 
apparatus the steel disc wa§ 
caused to revolve rapidly, 
and a piece of flint being 
brought into contact with 
it, a shower of sparks was 



St eel-Mill. 


it, a snower 01 sparius wa*> - • oiecj-juw 

ess zrjtjsz -I «*. * r 

of scieifco and puictica) experience therefore began, to give attention to 
the problem of preventing the lamentable loss of life constantly resulting 
from explosions in coal mines, by providing an efficient ctad safe means of 
illumination. . • 

. It i. worthy of note, that ^ilst a spark produced with flint and steel appeaw to_be 
capable of causing the " f “ «»lo»ive -aurture of flr 

experiments m£de by — — x - 

Chief Inspector of Ext^sives, .indicated that an exp. 

Air could not be igniteif oy an ordinary spark. 


petroleum vapour ajid 
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Humboldt was the first to suggest, in 1796, the use of a safety kmf as,,' 
a substitute for the steel-mill, but his lamp was not of convenient constric¬ 
tion, and moreover its use was not unattended by risk. Various other 
attempts and failures, with concomitant disasters, led ‘to‘"the subject being 
thoroughly and scientifically investigated, and at length the results of 
Davy’s classical researches were presented to the world. It had long been 
known that the combustible gas emanating from coal, produced, in admixture 
with the air in the mine, an atmosphere whibh exploded - when a light was 
brought into ‘contact with it ; but Davy .was not satisfied with this general 
knowledge, and accordingly ascertained by experimental investigation the 
conditions under which such explosions took place. He found the principal 
condition to be that the proportion of combustible gas in the air of the mine 
must be not less than 7 percent, nor more than 16 percent. Below or above 
these proportions, the mixture-is either not inflammable or else it burns more 
or less quietly and without explosion. The second important condition is 
that there must be a high temperature for the ignition of Oven a very 
explosive mixture, actual flame or a temperature above that of a bright red 
heat being needed. Thirdly, it was found that the presence of other foreign 
gases has the effect of .modifying the conditions, usually in the direction of 
decreasing the risk or diminishing the violence of the explosion.. 

The proportion of inflammable gas in the atmosphere of a coal mine 
cannot be controlled or regulated by any system of ventilation, for the 
. simple reason that the gas is seldom evolved uniformly, but more frequently 
is given oft in irregular outbursts. These occur at times when the coal is 
broken down and, generally, when attacking new ground; an emission of gas 
also often takes place when the barometer falls, the diminution in atmo¬ 
spheric pressure permitting its escape fcom accumulations in waste heaps 
and vacafit spaces in the mine. Good ventilation obviously lessens the 
chance of explosion by rapidly reducing the proportion of combustible gas' 
below the dangerous minimum. .Further information on this point will be 
found in Vol. I., “Fuel" (p. 59 el seq.). 

Davy’s further researches had reference to the second condition specified 
—name!}, that of the existence of a sufficiently high temperature. It had * 
been demonstrated that heated gases were effect,tyeij cooled by being passed 
through metal tubes of small diameter, hut to Davy is due the invaluable 
discovery that gauze constructed of wire of a diameter proportionate to the 
intervening spaces, is equivalent to sections of tubes, as he expressed it, and 
performs all the cooling functions of the tubes themselves. Putting this 
discovery into practice, the safety lamp, see Figs. 297, 298, 299, and 300, 
the introduction, of which has‘largely contributed to .render the name of 
Davy illustrious, and has entitled him to the gratitude of mankind, was 
constructed in i8uj. 

The Davy lamp, of which Fig. 297 is a section, whilst Figs. 298 and 399 
show the details, will be seen to consist of three distinct parts—namely, the 
lower portion Or base, forming a reservoir for oil; the body, or circular en¬ 
velope of wire gauze impermeable to the flame; and the exterior brass frame- 
, wort. The'oilvistern A A is a cylindrical metal box, tbs upper surface of 
which is formed of a copper or brass plate with a circular opening in the centre. * 
A ring screws’ into this opening, rising slightly ubove the surfaee, Fig. 290. 
The socket which Supports the wick, Fig. 298, consists of a circular plate a b, 
attached to a vertical tube c. This tube has a long lateral opening, into , 
which a pieoe of bent wire terminating in a hook n, and known as the * 
“pricker,” is made to pass so as to enable the miner to adjust thewisk * 
Without opening tbe lamp ; the hook, or pricker, accurately fits a tube 
passing through the oil cisthrn, and its lower.end, wbioh forms a handle, js 
guarded by the ring p, forming the base of the lamp. 



DAVY'S SAFETY-LAMP. 


The wire gauze chimney or cylinder was commonly about 6 inches long* 
% « inch diameter. A cylinder of greater diameter befog objectionable, 
as iB iB capable of enclosing a larger volume of inflammable gas in a state of 
combustion, the gauzq being thus liable to be more quickly raised to a red 
heat, with the resqjt of destroying its texture. In accordance with the 
principle already enunciated as to the- relation of the holes to the wire of 
the gau^e, the standard fixed &s a limit for safety was, and still is, a gauze 
or 28 iron wires to tlq? ligew inch, having 784 openings per square inch, 
but gauze of smafler'mesh is frequently used. 

The fraifle was constructed of t! foe or four strong metal rods r r attached 
to an upper plate of ttetal k, to protect the miner’s hhnd from the heat of the 
flayie and the lamp from water dropping from the roof of the mine, and to a 
circular ring 0 at the bottom, fitted with a screw w f<fr fixing on the oil cistern. 

Fig. 297. 



jS?ring d was attached to the plate k, by which the lamp^uld be carried 
or suspended in any convenient place. 

The cylinder could lie further secured to the oil # cistern by the^lock e. 
Various contrivances^had been # propot>od by Bennies and others to render 
this more secure, and one once very generally adSpted is shown at l, Pig. 300, 
It consisted of an ordinary lock, but required a long key te pa* across the 
fop of the ltynp. ‘ , 

The upper portion fif the laeqp was made of a double shge£ of wire gauze, 
or in some localities of perforated boat copper, to better resist the corro¬ 
sion ancf consequent destruction caused by constant contact,at such a high 
temperature as yie ifitenor of the lamp acquired, with the aqueous vapour, 
formed during the cpmbustion. • ' 

Davy also proposed to employ a coil of, fine platinujn* wire round the 
flame, so that, in the ev^nt of its being extinguished ’there might *ilL exist 
sufficient illumination for the miner: this, however, failed in practice. 

• a • • 
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Another of our distinguished countrymen, George Stephenson, had also, 
been demoting bis abilities to this important subject, with the result tbit ho 
introduced a safety lamp .independently of Davy’s lamp, but a* about the 
time that the latter appeared. Stephenson's lamp, the “ Geordie ” as it was 
called, which is shown in section in Kg. 301, was provided at first with a per¬ 
forated metal, but afterwards with a Wire gauze cylinder a, about Scinches 
in diameter and 5} to 6 inches high, with a glass shield B inside. -The air 
for combustion was supplied through a triple circle cf small perforations in 'a 
metal cylinder c below the gauze and glass, but above the oil vessel, which 
when screwed on protected them fro'rp external injury ; the air therefore, in 
this lamp, reached the flame a little below the level of the wick. A metal 
chimney d, full-of small holes, was fixed on the top of the glass cylinder 
and inside the gauze cylinder. 



In 1813, just previous to the inventions of Davy and Stephenson, 
Dr.^Clarmy, who was unwearied in his exertions in this cause, invented 
lamps which burnt safely in a fiery atmosphere. Fig. 302 is a drawing of 


one of them, which isegivao more for the sake of illustrating the progress 
of investigation in tins branch of applied science than because of any 
yracticalgitility it possessed. The air was forced from bellows through a 
flexible tube d down the pipe a, and rose at b through the oil, then pene¬ 
trating a perforated top plate f it reached the burper c. The arrows, eft 
in subsequent Figs., indicate the course of thb air. The Metallic casing was 
provided witfi a curved pane of glass e, and terminated above in a chimney; 
By this arrangement flame was prevented by the intervening layer of dll 
from passing back from the anterior of the lamp to the' external ait; 
in earlier forms water was used for the stale purpose, and not alone 4*4 
the air supply bubble jhroiagh this liquid, but also the products of combus¬ 
tion. ■ The arrangement was, however, far, to6 inconvenient and unpractical 
1 to be of any use fop.mine ijluminatiog. * 



• (XANftrS SAFETY-tAMP. 


%hgequently Df. Clanny modified hie lamp considerably; it was constructed 
•itfcottt bellows and accessories, but with an impervious metal shield 1 , having 
glass and fences in its sides, only open at the -highest part of an internal 
gauze cylinder for ftb!ut ij inch from the top, and surrounding the lamp 
entirely down to thd oil vessel, the shield being in diameter fully half an 
•inch more'than the lamp. There was consequently admission or egross of 
air only over the top of the afield at the highest pajt of the lamp. The 
light from this lamp wHs too fdhble for practical purposes, but Dr. Clanny 
obviated thjp by placing opposite ‘1# flajue a thick globular shield of glass, 
which was found to ijpnect the light it# a very perfect manner. Ultimately 
Clanny’s lamp assumed the more practical and neat#r form shown in 
Fif. 303 ; in it, the glass shield B is reduced in height ’so as to simply 
surround the flame, but still rests oft the oil vessel A, and to protect it and 
keep it in position the frame is provided with 
the short brass rods D, and the intermediate 1JS - 3 ° 3 -* 

brass ring o,»which supports the gauze k, and @ 

the upper part of the frame F. Hence, onjy 
the* upper part of the lamp is protected by . / \ 

gffUze ; nevertheless the air had still to enter I ——— Er 

through the gnuzft above thg glas- cylinder and ■*-1 

to descend to supply the flame. F ... 

This last model of Clanny lamp, with the . 

Davy and Stephenson, furnish the three original j 

types of safety lamps, from which have sprung 
the numerous and varied forms introduced from t "'j ' 
time to time. 

It is remavkable that the wire gauze sur- I < 

rounding the flame not only cools the gases in 
the event of their being ignited yithin the 

lamp* Jhd so prevents the communication of c -A | I j ^ 

flame to an explosive mixture outside, butalgfc JTfd * Tt| 
tends to prevent the occurrence of explosions 8 M A fAB 
jpside the gauze cylinder,*in Accordance with the a 
third ftf the conditions alrdhdy’set forth (p. 33d 1 ), 
inasmuch as the air surrounding the flame 
becomes mixed with carbonic anhydride and 
other products of combustion, as well as with & 
gornff inflammable vapour which has escaped, 
combustion. Consequently any explosive gaseous 
mixture passing into the lamp becomes consider- ^ e(v cj. dnn y. 

ably altered in composition be/ore it reaShes the m 

flam* so Jdiat its sensitiveness to ignition is reduced from this cause,'and 
combustion is not rapidly propagated through it. 

Another important and notable feature of this kind of lamp if# that it 
acts as an Indicator of the presence of “ fire-damp,” its the inflammable gas 
of ooal mines is called. A slight increase *1 the volume and Jength of tlft 
flame attests the first appearance 6f gas, or sometimes *a *“ cap ” Is formed 
wound the flame, of wlpch more will be said later on. The* cylinder becomes 
filled with a lighf* bluish flanfb. as eon as the gas increases to between 
8 and 9.per cent, of the mixture. .When the proportion reaches 16 to 20 
per cent, the flame of the wick disappears, being absorbed Ify that filling the 
cylinder, and ultimately becomes extinguished when ti^e proportion amounts 
to one-third. • • * 

• In the eeetlonaf dgnree in this article, thin broke* lines rjprgsent-genze, thin continuous 
Hues sheet metal, whilst glae^ brase, tfce., are depicted in the manner shown in this nicer rail on. 
The construction of the oil vessel, tea., being the same in most lamps, it has not been con¬ 
sidered necessary to show or to give details in each case, e •» 
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SAFETY LAMP DESIDERATA. 


I. Safety Lamp Desiderata. 

Before proceeding to describe the various forms of safety lamps wfcch 
have since been introduced, it will perhaps be well to indicate what their 
requisite features should be, and to point out the conditions which have to 
be observed to ensure safety in their use. yhe best source of information 
on these points is the Report of the Royal Commission appointed to inquire 
into Accidents in Mines, and the following' st&teaent of requirements is 
largely compiled therefrom. ( 

1. The source of light within a ^safety lamp should be incapable, -under 

any circumstance^ at all likely to occur in working coal, of causing the 
ignition of an inflammable mixture of fire-damp and air, even when this is 
travelling at a high velocity. , 

2. The lamp should yield, during an ordinary working day, a sufficiently 
bright and steady light, even when exposed to a strong current of air. " 

It follows from these two primary requisites for efficiency that a high 
illuminating power cannot be expected of a really safe lamp in which the 
source of light is a dame fed by air admitted into the lamp direct from that 
which is circulating' ip the mine; inasmuch as for safety the ingress of air 
must be impeded* and the escape of highly heated products of combustion 
retarded, whilst for good illumination, on the dther hand, free access of air 
to the flame and ready escape for the gaseous products are 'needed. 

3. The lamp should be of simple construction, inasmuch as a lamp of 
complicated design may, in the hurry of preparing a large number for use, 
be imperfectly put together; and however safe when in good order, such a 
lamp may be most unsafe when the parts are not properly adjusted. 

4. It' should admit of easy and thorough inspection when ready for use, 
otherwise imperfections may be overlooked. ■ 

5. It should not be liable to be extinguished when handled with ordinary 
care, because extinguishing necessitates re-lighting and consequent waste 
of time in finding a safe pla»e in which to do it. 

6. It should indicate dis'oincljly to the miner, by changes in the appear¬ 
ance dl the flame, or by the formation of a “ cap,,” the presence of a dangerous 
quantity of fire-damp in the air; and as a gaseous mixture giving r, very 
faint “ cap ” becomes by the addition of 7,5 per cent, of marsh-gas converted 
into one which will readily explode, all lamps should be extinguished when 
the gaseous mixture becomes ignited inside the gauze. Therefore— 

7. The construction of the lamp should be such as to admit oWthis 

extinguishing being effected either automatically, or with certainty and safety 
by the minor.On this account;, appliances for stopping the supply of air tc 
the flame art; of great advantage ,'f they are simple and not liable to come 
intjj operation Cy accident. , ' * 

It may further be noted— 

8. That the gauze will withstand the action of burning gas for a longer 

period in a tranquil f|jan In a moving atmosphere. '■ • 

9. That, if the lamp is‘plunged into a mixture barely inflammable, the 

wire gau$e becomes red hot, although it remains unclpinged in an explosr® 
mixture. # ‘ 4 _ . 

10. That the t safety of a lamp diminishes (\s the diameter of the cylindei 
increases. 1 

11. That fife-damp, being relatively lighter than air, is foufid more 
abundantly neajr the roof of a gallery or working"; hence i|, is importantAt 
have a lamp constructed so that air from mear th§ roof may be allowea If 
reach the flame when required for testing purposes. „ 

Moreover, the lamp Should not be too heavy. „No one can realise the 
full force of the objection to a heavy lamp without having carried one in tin 
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fffed for several hours while traversing mine workings, often through narrov^ 
pas^igew and in 4bhe most awkward posture. The following table shows the 
weight of some lamps in the Museum of Practical Geology, Jermyn Street, 
London. Various makes of the same lamp, however, will differ in weight. 


Dayy . 

Clanny’^ Improved 
Stephenson’s Improved 
Gray . . 

• Hqppl<*whidfe-Gr^ 
Mueseler 

Bonneted? Mueseh r # 
Deflector Mueseler 
Bonneted Marsaut 
Deflector Marsaut. 
Thorneburry •. . m 


lb. 

1 

2 
2 
3 
3 


2 


3 

2 


i 


oz. 

6 

6 

3§ 

1 

2 

11 

>3l 

9 

>J 

12 * 
13 


,It will now be convenient to consider how far the three original types 
of safety lamps fulfilled these conditions. We find that they were strong, 
simple in construction, and not of great weight, but they failed in respect 
to the first two conditions. In fact, Davy hiijself ascertained that a stream 
of air or gas would drive the flame through the gaiyse. In Davy’s time, 
hhwever, ventilation currents rarely attained a velocity of 5 feet per 
second, even in tlfb main airjways, and the movements of »the air were vory 
slow in the working places. At the present time, ventilation has improved 
to such an exteht that currents of 20 to 25 feet pej second velocity are 
common in the main air-ways, whilst the rate varies from 5 to 15 feet per 
second in the working places. Moreover, under certain circumstances—for 
instance, when an opening is made between two main air-ways—currents 
with velocities of 30 to 35 feet per secondare temporarily encountered. These 
are liable to strike the lamps obliquely and form eddies round th’qjn ; they 
.thus become particularly daflgel-ous if much fire-damp is present. In the words 
of the Report of the Ifoyal Commission, already referred to :—“ It results 
theiff Aim the improved ventilation of mines, that if the current becomes 
sufficiently charged with fire-damp, the I)a\ jAtnd Clanny damps cease to be 
in any wav safety lamps, and the Stephenson (‘ Geordie ’) lamp may often 
.causa an explosion.” • . • 

• . • . 

• • 

3. Description of some of fihe more important Safety Lamps. 


Some of the more important lamps will now be described, and others which 
are^f interest or possess merit will be mentioned j but fio attempt will be made 
to embody every suggestion winch has been qjil forward in connection with 
the subject, since this.would extend the article far bej mid reasonable limits, 
without affording useful information io» the reader. In order to facilitate 
comparison, the lamps will not be introduced chronologically, but will tm far 
as possible he classified on the basis of their resemblance to one or more of 
the original types already referred to—naroely^the J)avy, in which the air 
supplied ft) the flame freely passes thiough anv parttof the gauze envelope; 
the Stephenson, in which this air enters jjhe lamp and also anjves at the 
<flarae below the wiak^andthe Ok'my, in whioh air Anttirs fhe damp and 
^reaches the flame froji above. ", • 

Commencing*Adth ihe Dafrjs; the original lamp, two spgpimens of whioh 
are preserved in the Museum of T’i ictical Geology, Jermyn Street, London, 
and others in the Wood Memorial Hall, Newcastle-upon-Tyne, from its 
small size, its vary fine gauze, and its feeblg flame, was soon found wanting 
•an many respects. The light was bad and not lasting,"the gauze soon became 
useless, and numerous,accidents occurred. .Consequently modifications were 
introduced in respect tathesizeapd height of thelamp anddeseriptidh of gauze 
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employed. The depth £f thegauzecap(“smokegauze”),and the extent to whWh 
it overlapped the main gauze, were also both increased. Ultimately, by employ¬ 
ing the coarsest gauze consistent with safety, a fairly good lamp was obtained,* 
but Btill it was defective, the least increase in the speed of the fiir ourtent 
caused it to flicker, and, what was far worse, drove the fi&mel through the 
gauze juBt at the most dangerous times. Hence arose th,e idea of a shield or 
screen to protect the flame from draught. The first screens were frequently 
attached to the frame rods, were very irregular in size and form, and weje 
made of various materials, including tin, copper,iron, brass, glass, and horn. 
They extended sometimes only as high as the flame, sometimes above it, and 
occasionally nearly to the top. When constructed of opaque material, they 
of course could not be carried entir&y round, and thby practically ranged 
from a mere plate placed behind the flame to a continuous band with 
an opening on one side. They were fixed sometimes inside and some¬ 
times outside the gauze. Davy lamps with glass shields, Fig. 304, have 
always been known as “ Jhck lamps,” and in these the glass extended to 
various heights, and rested sometimes directly on the oil reservoir and some¬ 
times on rings or pegs, the latter arrangement allowing air to fiass beneath. 
These lamps had the advantage of giving more light than the other screened 
lamps, and were somewhat safer, owing to the continuity of the screen 1 
but they had the disadvantage due to the fragile nature pf the enveloping 
cylinder; and nforeover, unless the glass extended well above the point 
where the smoke-cap overlapped the main gauze, they, were but very 
little safer in rapid currents of air than the unprotected lamp; 
nevertheless they are still met with in some coal-mines for testing 
purposes. When the glass shield'is extended to the top of the lamp, 
as in Fig. 305, quite a distinct character is given to the lamp; air-holes 
have to be provided for the admission of air beneath the glass, and arrange¬ 
ments have to be made for the escape of the products of combustion above. 
This lamp, which is virtually, although not actually, what is known as a 
“Davy in case,” retained the disadvantage of the risk of fracture, o^, the 
shield. The next stage of development consisted in enclosing the ordinary 
Davy lamp in an* external case, which sometimes extended to the base of the 
lamp, as in Fig. 306, and in other instances only enveloped the upper portion. 
The introduction of the case afforded opportunity for the display of ingepuity; 
and cases of every available fprm and of vawoiis suitable materials were 
constructed. The holes in the lower 'portion of the case are for the 
admission of ah', but it must be remembered that this air has still to pass 
through the enveloping gauze before it enters the lamp, so that the Ijavy 
characteristic is still Vetained. It is noteworthy that this simple device 
“ converts the Davy lamp from one of the most dangerous into One of the 
safest of the Jamps in common 'use.” A lamp of this'form is known as a 
“ Davy in case,” or “ tin-can Davy.' 1 ' Among the lamps subsequently intro¬ 
duce! which resSmble the “ Davy in case ’’ is Perkins' lamp, in which the 
gauze cylinder is enclosed in* glass tube, terminating below in a short 
cylinder of doubled wire gapze, for the admission of air, and having a cover 
of similar doubled gaqte at Jhe top for the products of combustion to past 
through. , , , 

In Ayton*fc laffip, 1 Fig. 307, the case takes the form Of a cylinder of glass 
below, and of wire gauze above, the latter being surrounded by a cylinder 
of sheet metal., The air enters through perforations in thS'under surface of 
a hollow ring ht the lower part of the case, and then passes, as indicated by 
the arrows, throvgh holes in a oollar protected by tvire gauze before travers¬ 
ing the Davy gauze. The Wearenouth lamp, Fig. 308, is similar to the Aytoi 
lamp, except as regards the frame-rods, but the air 'supply in this instance 
is obtained through, a ring of holes, near the bottom of the' case, which are 



]i6Aamix*u&aur w xhje israriuwmui xvrjs. 34$ 

oovereu oy & strip of wire gauze, tig. 309 represents one of kentledge ttyl, 
Tojjtnscm’s lamps ; in this, the case is of the CJlanny lamp type, but 
*thi air which enters through holes in the outer sheet-metal* cylinder 
above thS glass is prevented from passing directly down to the fteme 
by a second she 4 t-&etal cylinder, which surrounds part of the upper 
portion .of the Daity gauze. The air is therefore directed downwards, but 
nevertheless has to pads through the Davy gauze in order to reach the 
S»m a * The same result was, obtained, by a slightly different arrangement, 
in the, Foster l&mp. ‘The Pidler lamp, which is a lamp of tb® Davy type, 
but not aefepted for the purposes gf illumination, will be referred to under 
the head of Gas Indicators. All t.'jese lamps on the model of the “ Davy 



Davyjvith glass Shield * Davy with continuous Davy in a Case. 

(Jack Lamp). Glass |otop. . 

in ^ase,” when judiciously designed art! carefully constructed, are safe, but 
they do^not give muoh light. » 

Proceeding now to the consideration of lamps of the Stephenson type, it 
should be pointed .out that in these the air can oely enter abova»or below 
the glass* cylinder. As already stated, the letter is the way in which it is 
intended that the air should gain access to |he flame, the lower pgption of the 

* gauze within the pferfgratgd metal ring being left utiprStecwd by the glass 

* with that*object. Ip an undisturbed atmosphere the air follows the desired 
Oourse, and the*ftroducts of ftnubustion, escaping above, £11 the whole of the 
upper part of the lamp, as they should do. Under these Circumstances. if 
much combustible .gas is present in the atmosphere it ignites only in the 

•tower portion ^sf the lamp, and the heat developed^is not strong enough to 

* raise the tempera tures of the {jauze sufficiently high to cause the ignition of 
> the external gfcs. If, however, there is aay dqfi^iency in the air supply from 

, bejow, due, for instaBce, to'clogging of the apertures or of the gauze, then 
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|pme air is drawn from above and a downward current is created in a part 
of the cylinder, the products of combustion occupying-dad passings ud 
another part. The result of this is that the working of the lamp is entirely 
disorganised, inasmuch as the upper part of the lamp is no, ldnger filled 
wholly with harmless non-explosive and non-inflafimiable products of 
combustion. In a strong current, too, a somewhat similar. condition 
obtains, a stream of air being forced down the windward side, whilst the 
hot products of combustion have to pass up thp leeward. If, therefore, thfe 
air is explosive, it may bum at the top of thS lamp and heat the gauze to a 
dangerous degree. If the glass of„a Stephenson lamp break*; the lamp 
becomes a I*avy lamp, buj owing to the larger diameteriof the cylinder, the 
former lamp is not 0 then as safe as the latter. An early modification whigh 
the Stephenson lamp underwent was introduced to obviate the inconvenience 
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caused by the falling dust choking the air-hole^ in the vertical band. ,In 
place ,of this batfs a hollow collar was fitted which enclosed an annular 
chamber having large apertures .opening on to the gauze within the lamp, 
but communicating witlj the external air by numerous ^mall holes pierced 
in tho under side of the. collar ( the arrangement being somewhat similar to 
thcnair intake shown in Fig. 307^ 

The irregularity caused by air currents of high yelcfcity next attracted 
attention, and in Upton and Roberts’ lamp, Fig, 3to,,we find art arrange¬ 
ment for obviatingtjis danger. The wire gauze Cylinder which was attached 
to the oil reservoir in the usual manner was. protected, at the lower endy by a 
long thick glass cylinder, and as regards the remaining portion by a two- 
staged cylindrical cap of copper,^crewed to the upper ring*of the frame* 
and provided with holed at the top for the tscape of products of com¬ 
bustion. The glass, fitted cjosely between the cylinder and the cistern, 
no as to prevent all coibmunication between ‘the interior and exterior. 
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* The air necessary for combustion entered through a range of small openings 
in-the upper part of the cistern' into a space protected ijy a double shield of 
1 cjoeely compressed wire gauze, through which it had to pass before it reached 
. the wick* ,A cone retained these shields in their positions, and also directed 
the air upon the wi<Jk, where it was found in practice to be entirely consumed. 

• This arrangement was quite safe in auy current of combustible gas directed 
against it, owing to the complete insulation of the interior from the exterior 

;• of the lamp. But among other disadvantages, the air supply was deficient, 
the light was bnd,the gatfee sdbn became clogged, an 9 a jerkjsxtinguished the 
flame', ^pme of Hann’g lamps, fjs, for instance, that illustrated in Fig. 311, 

• , 

Fig. 310.* 



were really Stephenson lamps, but moK secure than the original type- 
in them, the glasg cylinder only extended pnj;t of the way up the* gauze, and 
was kept in place by a metad tube continued to the top of the gauze. The 
heated products of combustion could therefore only escape through the top 
’ of the gauze and*thti space between two horizontal Uahges’at the top of the 
lamp. * # , • * 

The next* Steps in thtf evolution of the Stephens*!* type of lamp were 
attempts to improve the ligut by the abolition of the continuous gauze. 
,The first of these attempts was represented by the Boty fcimp, Fig. 312, which 
• in its action ftsembled the lamp of Upton and Roberts, but the glass cylinder 
was not protected wfth wire £auze. In this lamp, which has been many times 
imitated, a ring of copper, pierced withfe numjpej of-holes, wag fixed to the 
qpper surface of th#oil reservoir, and was so arranged that the upper part was 
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oij, a level with the base of the flame. A glass cylinder rested upon this ring, 
‘and was surmounted by a cylinder of wire gauze. Owing to the modify 
with which the inlet holes become obstructed, this lamp and those cof- * 
structed on its lines do not, on the whole, so behave as to eomq within the ■' 
definition of the Stephenson type of lamp, and at this point it is only 
necessary to observe that such lamps leave much to be desired as regards 
both steadiness of flame and safety , 


4. Lamps of the Eloin Type. « 

A substantia] advance towards improving the lighting'power of lamps of 
the Stephenson type'is evident in the Eloin lamp, Fig. 313, in which th^ 
wicfc is surrounded by a glass, shaped like a dice- 
Fio. 313- box, renting upon a short metal cylinder. In this 

cylinder there are slots, protected internally by 
gauze, 'for the admission of air, which is directed 
on to the wick by a cone. The upper part of the 
lamp consists of a plain brass tube covered at the 
tpp with a gauze diaphragm, which' is surmounted * 
by a perforated metal dome, retained in position by 
the supporting bars. Th'e products of combustion 
pass up the tube through the gauze ami out through 
the perforated dome. By means of a metal re¬ 
flector, which slides on the frame bars, the light may 
be directed upwards to the poof or downwards 
towards the floor of the mine. While serving the 
former purpose, as shown in the cut, it also screens 
the gauze at the inlet from the direct action of the 
air current, and thus renders the lamp less sensitive 
under certain conditions. This class of lamp, oWitfg 
to both ingress of air and egress of products of com¬ 
bustion being facilitated, gives slightly more light 
than the Uptsn and Roberts’ pattern, but is, however, , 
undesirably sensitive to oblique and vertical currents 
of air. Moreover, sqeh lamps become highly heated, 
and the glasses are liable to crack. 

In the Soar lamp, the Eloin chimney was furnished 
■vyitha perforated metal diaphragm inside,nearthe top, 
Eloin. and a truncated conical'gauze cap covering the bop, the 

, whole beilig enclosed in a slightly ponical bonnet. The 
flame was sumrafided by two glasses, the annular space between them being 
closed. All these «lditions were designed to increase safety and efficiency; 
the upper arrangements having for their object the diminution of overheat¬ 
ing by thejjrovision of more extensive conducting surfaces, and the second 
glass being introduced to qfford the necessary pjotection ixf the event of one 
of the glasses being fractured. ‘ 

» Further Attempts towards overcoming the difficulty arising from rapid » 
air currents in this class of lamp are exemplified in the' Gardner, Purdy, and • 
Howat lamps.. In the first of these,'the chimneyiwas mf£dein*the form of a 
cone tapering upw£r 5 s and terminating in a cylindrical box, with apertures 
at the top and in the sides, all of which were protected by a closely fitting 
gauze Cap. The exposure of this gauze rendered the lamp bomgwhat unsafe. , 
In the Purdy lamp, the chimney was conical and terminated in a diaphragm > 
of perforated copper,, over which,a gauze cap fitted closely* outade the 
chimney.. Outside the whcle'of the upper part of- the lamp, a brass cylinder 




l; *as fixed, with perforations at the base to admit eurtwttts of air which 
Bussed up within this cylinder and cooled the chimney; each currents Aw 

S m utilised for the same purpose in some other patterns of safety lamps. 

is larfip, although lfess unsafe than Gardner’s, was not a safe lamp owing 
to the risk of breakage of the glass. In the Howat lamp, Fig. 314, the 
chimney consisted of three or more vertical brass tubes, but this did not 
prove to he an advantageous method of dealing with the high velocity 
1 difficulty. Both Bainbridge and Smethurst designed lamps of the Eloin 
pattern, to which also tHe Hftrn lamp and the TimCais lamp belong. 

The old form of Fqmat lamg was of the Eloin pattern ;’tt had, however, 
a truncated gauzy cone, closed at /lie top by a metal cap, inside the Eloin 
chimpey, and a fixed metal band to protect the inlet holes. In a new form 
*of his lamp, which is scarcely Eloin in character, Ffg.315, Fumat covens 
Fro. 314. • * no. 315. 



* Howat. * Kaw Ftpat. 

Marsaut gauzes * with a bonnet perforated with severjJ rows of holes on one 
side.* Through the upper ones, the products of combustion eseajte, whilst 
through the lower ones the air supply sifters, and travelling down a curved 
box c,shielding t>ne quartej of the lamp, passes' into an air cRamber, and 
thence, as in the old Fumat, finds its way through a cylindrical band of 
gauze to the flame. This lamp gives a good light, 4 n d Jmftis well "In ajl 
but upavard currenft; it is'quite safe in strong currents, f of although the 
gas may remain Slight fgr a few seeofids inside the Amp the flame does not 
pays the gauze. * * . 

The following lamps of the Eloin class have arrangements for keeping 
the glass cqpl, a's well as for overcoming the other difficulties ; they are all 
furnished with ,twg glens cylinders, ana in most »f them the air passing to 
the flame is caused to descend through the annular space between the 

* llarsaut’s Improvements, # ae§ p$$t, p. 353. • » 
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glasses. The chimneys, Vhich vary in form, are continuations of the 1UUQ1 
glais cylinders. Earlier forms of this particular kind of lamp, were those $ 
Glover ancbCail, Fijjb. 316 and 317, and Hall, Fig. 343 (p. 363). In Glovq* 
and Cail’s lamp, the oil cisterp. was screwed into the bottom rpig of the ■ 
frame, the middle ring f f being connected with the lower'd* by the vertical 
standards g. An ordinary wire-gauze chimney i, with a movable coyer j, 
was attached to the middle ring, and the' lamp fyid the usual ring k at the 
top by which it might be suspended or carried. ^ The air supporting’com- ' 
bustion entered at hoick made in the middle ring//, and'after passing 
through the m&hes of a ring of wire gauze, it descended through the 
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Glover and*Call. . Glover and Cail. 

annular passage formed between the two glass cylinders m and n. These 
cylinders were supported fj-om below, and rested upon a second ring of wire 
gauze, whicE lay upon projecting pieces of thejower ring d. The passage 
of the air from the outside between the glass cylinders effectually accom¬ 
plished the cogling effect "designed by the inventors. A small conical chim¬ 
ney p, was placed insiije the gauze chamber, a little above the flame, thus 
promoting a steady draught and preventing any flickering *of the light. 
This lamp indicated the presence of gas with great delicacy, and was self¬ 
extinguishing, , . 

The next modification of the Elo\p pattern of safety-lamp which deserves 
notice was invented by T.'Y. Hall, in 1852, amd trill die'-described later- 
on (p. 364). . . . * 

• More rpcent forms of this* description of lapap are those of Williamson,, 
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Kg. 318, and Morison, Fig. 319, besides others designed by Pelton, Kg. 420, * 
and Evan Thomas, Fig. 321. The construction of these will be readily 
understood from the illustrations; but, perhaps, the length and diameter 
of the internal gla#s in Williamson’s lamp, the cooling current of air in the 
others, the intakg of air being near the top of the Evan Thomas lamp, the 
formiitibn of a practically undisturhed gaseous cushion around and below the 
■ wick*in the Morison, and fflie various forms the chimneys assume, are points 
worth noting. All Jamps ef Jdiis pattern, however,have some defect; there 
is either difficulty in' lighting, or unsteadiness of flame, ox unsatisfactory 
iltamina^ing power, O’-’complesiAy in.design. The latest and most successful 


Fig. 319. , Fig. 320. 



^development of this kind of lamp *is the Thorneburrw, Fig. 322, which will 
be hereafter described. a 

An improved form of the Stephenson type and Eloin .pattern of lamp, 
but having distinct aijd novel features, is t^ie Gmy lamp, Fig. ^23, in which 
the frame consists of four^ubes down which tHte air supplied to the flame is 
drawn into an ^inmilar air chamber surrounding a cylindriqgl strip <d gauze 
belov; the glass. The early form of chimney was tdpdHnglnferm and of sliteet 
metal, terminating in a short inverted sheet-metal*cone capped by a gauze 
diaphragm and surrounueti by a brass tube covered bjea dome provided with 
large perforations for the escape of the products of combustion. This lamp, 
however, soon undeiVent modification, a conical gauze *y Under was introduced 
in place of the sheet-metal chimney, ami the discharge orifice at the top of the 
chimney vgas made conical in form. This orifice was also subsequently placed 
in such a position in relation to the Perfections irf the cover as to restrict 
• the discharge or the products of combdstion, and thus keep*the atmosphere 
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-\xitfcw the lamp vitiated, so as to dimmish the risk of internal ^explosion ip 
accordance with the third condition already specified (p. 336). Nertthe, 
horizontal diaphragm ring was removed, as it interfered with tjie« upward 1 
distribution of light. Then sliding shutters were introduced in the lower 
part of the tubes, so that when desired for testing or other purposes air 
might be taken in from below as well as from aboye ; and to facilitate clean¬ 
ing, the ring supporting the glass, d, Fig. 324, was adjusted to the vertical 
plate of the air inlet chamber. The glass too IWbetenmadeconical, narrow¬ 
ing upwards, ear- that light is thrown upwards better, consequently; defects 

Fig» 322. 



Evan Thomas. Thtfmeburry. Gray (Old). 


in the roof may can be more reahily observed without tilting the lamp, and 
in some cases a crimped cover is added to the lamp to prevent the sudden 
extinction to $kith this pattern of lamp is subject. The Gray lamp wag 
one of the four recommended by the Rqyal Commissioners. The latest form 
of this lamp, comprising all the improvements »rt,iumeraled “and bearing 
a name compounded of' the names of those to whom the improvements are 
due, is the Ashworth- t Hepplewhite-Gray lamp, Fig. 324. 

* 

6. Lamps of the Clanny Type. ' '■ 

_ Passing now to the consideration of those lamps, in which the air supply , 
enters above the flame, we find that the earlier tiattem of the Clarinv laths * 
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K jiroved *e untriistworthy. in strong currents as the other primiAtYU 
e of safefly-l&inps. Among the improvements which were suggested by 
. A^iworjjji, Smethurst, und others, was the protection of the gauze^y a metal 
shield or bennet^ perforated for the admissiott of air, and in some cases so 
'shap 'd as to direct the air current as shown by the arrows in Fig. 325. 
This was an improvement on the old form, but left much to be desired on the 
, aeorejof safety. • 

The next step tojyanjs kujpeasing the safety of f^iis kind of lamp was the 
introduction of a* second shield of sheet metal, as shown in the illustration of 
Aqjiworth’s lamp, Fig *326. This lamp behaves well in strong currents of 
explosive atmosphere, but becomes very hot, and is moreover extinguished 


Fio. 325. 


Flu. 326. 



at once by even flight inclination—a serious defeqf, as has beei^pointed out 
adreadj. • • , 

EvanThomas also constructed lamps of this class; in one form the ^jpnnet. 
consisted of two taeyd cylinders, ;ie fitting over the ether; there were per¬ 
forations in both^which ordinarily corresponded, but;which could be dosed 
by slightly turning the oiltar cylinder; the air supply Jjging thus cut off, the 
light would be extinguished. This arrangement was of doubtful utility, 
inasmuch as a very flight injury to the bonnet presented its operating. 
The internal metal shield in this lamp only reached 1 to the top of the 
gauze, and was furnished with apertures about half-way up, through which 
the air pasSfed into the interior of tte lamp. Thjsdamp behaved well in 
jrn explosive atmosphere,‘but gave far toal&tle light to be useful, ’ •> 


* 

c 
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r Another form of‘bonneted C’lsnnv lamp, also due'to Emn Thomas, Is 
illustrated in Kg. 33.7. The oil reservoir, as well as the bars arid tramewo* 
supporting*’ the upper portions, is as usual of bras$. The glass £ests, off 
asbestos washers, between upper and lower brass rings; ^ the upper ring 
extends upwards, and not only supports the gauze, but by being flanged also 
directs the entering current of air, so that even a sudden flush cannet pene¬ 
trate directly into the interior of the lamp. The gauze cylinder is closed at ( 
the top and is surmounted by a gauze cap. o Tbe ( ,whole upper portion is 
enclosed in a bonnet provided with suitable apertures at the lower part for 
admitting air, and at the upper for the escape of the products of cor.bustipn, 
the egress apertures being, .moreover, prietected by a conical shield fixed in 
f the bonnet. This arrangement not only moderates the rate of escape of the, 
products of combustion, an advantage already referred to, but also prevents 


Fig. 327. , Fig. 328. 



Evan Thomas.' * Marsaut. 


an inrush of air from above. This lamp when tested burnt brightly and 
steadily in very rapid currents, and was not extinguished by being inclined 
until it wasmearly horizontal. „The Royal Commissioners found that in an 
explosive atmosphere moving 3200 feet per minute, it showed no signs of 
beingaanBafe aiter an exposure of nearly eight minutes. The gas continued 
to burn in the j’ahze chp, and a portion of the gauze quicklybecame red-hot, 
but its temperature appeared to be 1 considerably below - that, required to 
ignite the gaseous misture. It was therefore nrit surprising that this was 
one of the four lamps specially recommended by the Commissioners. 

The next lamp of the Clanny type to be noticed; not in chronological 
order, but on account of, its simplicity of construction, is the Marsaut, 
Pig. 328, which differs from those hitherto considered, 'in havjng inside a 
bonnet two or three ghuze epps» fitting closely together at their base on the 
£ 3 p of the gfass, and gradually Separating as-they taper upwards, The» 
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bfltanet ftt l aoBU has ,holes at the base for admitting air, A, B and tS, * 
Fiff. 3*8, and holes above for egress of products of combustion; ip others, 
Wffleh are<eafer and in more general use, air is only admitted through holes 
in the unde/ side #f the horizontal ring supporting the bonnet, as shown in 
Kgs 334 (P; 35^), arrangement entirely preventing any danger from an 
inrush Of kir from the side. Sometimes, too, a gauze diaphragm is fitted at 
the top below the egress aperture. With two gauzes this lamp is safe when 
exposed to currents of 2^00* fact per minute velocity; and with three it is 
quite safe to currents of over 3000 feet per minute velocity. It also 
gives a corffparatively go&d light, mod *as another of the four lamps selected 
by the Eoyal Commissioners. The iMarsaut lnrrlp is largely used at the 
paesenf time, owing to its simple construction, its»st»ength, the com¬ 
paratively good light which it affords, and the trustworthy indications 
of gas which it furnishes. Thu last three favourable features are enhanced 
in* Howat’s “Deflector” Marsaut lamp, 

Kg. 329 # aijd Fig. 330, A and B, in which 
the air entering through the perforated 
flajlge beneath the bonnet is directed up¬ 
wards by a vertical cylinder of brass, a\ 
ij' inch high, set between the gauze and 
the bonnet, but touching neither At about 
a quarter of anunch above this, the upward 
progress of the air is arrested by the hori¬ 
zontal part of an angle-ring 4 , which .com¬ 
pletely spans the space between the gauze 
and the bonnet, and as the other part ot 
this ring projects in close proximity with 
the gauze to just above* the top of the 
vertical cylinder, the air is deflected dQwn- 
wavdwthrough the game on to the ffSime, as 
indicated by the arrows, whilst the products 
of combustion escape through apertures in 
the bonnet just below*thektop-plate c. *In 
this*way, more perfect .combustion, better .' 
use of the air, immunity fiftm the effects o# 
suddeu currents, and,improved iight-giving 
power in bad air, are ensured, which, com¬ 
bined with its Marsaut characters, have 
made tjp's lamp very popular in many 
districts. In the newer patterns, the dq- • 
fleeter takes the form indicated in Fig.330, 

0 and D; in the former, the bonnet which 
rests oft the flange above the deflecting^ 



Howft’s Deflector. 


arrangement is removed, and the deflecting'cylinders are shown in section. 

We are now about to direct attention to*anotlfor class of laiftp of the 
Clanny type, in which a special channel is provided for the upward passage 
of the products of combustion. In one make of the J’efton Jaifp, Fig. J31,, 
f« instance, there waaTm inner corrugated tube, closely surrounded by a plain 
perforated metaf cylinder, wjiich in its tiAn fitted into th% external gauze, the 
latter being in addition surmounted by a gauze cap and 8 (Joined top-plate. 
The air entered though the gauze, passed through the perforations in the metal 
^cylinder, and descended through tne channels of the corrugation to the flame, 
whilst the products of combustion passed dp the central tube. This and also 
the Thomson lamp, Fig. 332, were, however, not only .too complicated in 
structure for practical purposes, but were inferior to the SJaxsaut and „ 
AAcworth lamps. 



3S4 THE MtTESBLEfe LAMP. 

i ts One of t'ne Desv Known lamps of the chimneyed Olanny type* &- -d intact 
the first* introduced, being but one year the junior of the Cianny iteel$, a 
the Mueseler; it was the precursor of the Marsaut lamp, and wjs invented in 
Belgium. In fact, Marsaut conceived the idea of his latnpwhile investigating 
and improving the Mueseler lamp, and did not base his inventionon the or¬ 
dinary Olanny. The lamp is of the character slfown in Pig. 333. The wick is 

, Fig. 330 , 



r •< •» 1. 

surrounded by a glass cylinder, surmounted by a* gauze chimhey, and covere 
by a top-plate,‘ as in the ordinary forms of Olanny lamps. UnliMe th> 
latter, however, the Mueseler lamp is provided with a gauze diaphragr 
fixed round the edges under the .gauze chimney, and stretcfling acroee th 
top of the spaoe encircled by the glass. This ghuze supports, in the middle fl 
the lamp, a chimiley, consisting *of a metal tube, toering upwards, an 
— expandioglat the lower epd into a short conical enlargement. When M* 
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upright, aud under onlinary circumstances, the air enters through th# • 
lowfr part.oftife gauze, and passes downwards through th# gauze duydiragm 
to tfce flaiqp, whilst the products of combustion ascend through the metal 
tube and pas# out though the upper part of the gauze. Hence, whilst the. 
entering air traverses two gauzes, the escaping gases from combustion have 
to passthrough only one,thickness of gauze, and have consequently less fric- 
t#)n to overcome. The result Is, that under very slight provocation, such as 
the inclination of the Jamp7*>»that the stream of hfeted gas rising from 
the flame strikes upon the gauze diaphragm, or the iinpiiiging'of a current 
of ai% even »f moderate velocity, <'Lfc<jueiy on the lamp, the action of the lamp 
is partially or wholhtaeversed, and air tall pass dowA the tubular chimnet, of 
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course mingled with products of combustion, for part S’ these will^still 
ascend, while part will pass through the diaphragm The result is, that the 
vitiated ajr pouring on the flame soon extinguishes the lamp, at id this 
occurs the more rapidly, the rfbarer the bottom of*tlie chimney is to the 
flame. If, however, the atmosphere is explosive, and not travelhnw obliquely, 
may ignite below^h* diaphnagiu and endanger the*gl8.ss, out *if such a 
’current is Vapid t and jhliqne, it may even ignite above the diaphragm, owing 
to the combustible communication established through theioiiimney, and thus 
cause An explosion. To minimi.-* these defects, a Royal .Edict was issued 
in Belgium, fixing the foRowing dimensions and dispositioA of the chimney 

fti these lamps fbr use in fiery mines : • . 

» .* • • 



| t uu auaunxmt nvwmatn. 

Maiimnm interior diameter at the top . . *ro ... af) < 

„ „ baee . . . . 30. ... i.», 

Interior diameter at the junction ot the main oone with ' ' 

the enlargement.t • at ... u> 

Height of the enlargement.„ 6 ... mj 

Total height of chimney.. 117 '...^4.6 

90 mm. (3.55 inches) to be above the gauze diaphragm, and its base to be «■ 
22 man (0.85 inoh) above the tqp of the wick-tube. 

Lamps of this description are in common use jn Belgium. f In 'Englisl 
forms of Mueseler, the c$imney is not, only higher, whiqh does not invftrmbl; 
affect safety, but the other dimensions of the chimney are altered, spmetime 
considerably, arid 1;he security afforded appears to be diminished thereby 
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Mnesel|r (Smethnrst). , Mueseler (Ashworth). 

Whtn the gauze cap of a Mupseler lamp is protected by a bonnet fitting 
well on Jo the supportijig flange (see Kg. 334), which is perforated for the ad- . 
mission of air, ignition pf thb gas in the top«of the lamp becomes ‘practically 
impossible,^ Gas may, however, ignite under the gauze diaphragm, but will 
be speedily, extinguished unless'the lamp is not w$ll Constructed, when if 
may continue burnjng and endanger the glass. Even this, however, might? 
be prevented by £he introduction of an arrangement for shutting off the air 
supply. The bonneted Mueseler was therefore the fourth lamp recommended 
as safe and efficient by the Accidents in Mines Commissioners, but, unlike 
the other three, it cannot be inclined with impunity. The Morgan lamp Si.) 
similar to the Mueseler) but all the shields, Ac., are doubled, It is very safe, * 
but, like many others, too complicated to be useful. ' 

In jnot® recent forms 6f r Mueseler lamp,, made b/Ashworth, Kg. 33c, mf: 
, sheet-metal cylindrical shield, having apertures near the base, and a con»I 
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johtractaon at the top, is fixed between the bonnet of the usual form and^ 
ibe fiaany gau*e; whilst instead of the usual diaphragm and metal tube 
Sanjpey, the diaphragm slopes up all round, and is continued so, as to form 
1 closed cylfccbioal gauze bhimney b, supporting a short piece of sheet-metal 
lubing- at itslowe^ e4d, The gauze is thus completely protected, and 
besides othpr obvious, advantages, by means of a simple shut-off, a, necessi¬ 
tating ^slight turn of tile boijnet, the" air can be prevented from entering 
hfflow the bonnet, and is thej. drawn down through^ holes provided near 
the top of the bonnet, but Beloif the outlet, so that gas can tested from 
quite near the roof of the.mine workings. 

Tie most recent development of tips pattern of. lamp is Teale’s Piston 
Safety ljmp, Fig. 336. It consists of a shield A covered externally with 



gauze, and provided with apertures above and below for the egress of 
burnt ga^es and inlet of fresh air respectively; a chimn^r D with gauze 
above and below to carry oil products of combustion, and an inverted cone 
within the lower part of the shield to screen off the air supply ^rom the 
vitiated gases above and to direct it down Jo the flame; the glass F is 
attached to brass rings at each extremity so as to ensure good»joints own 
Vith glasses having imperfect lodges, then there is the*oihvesiel*B in which 
the wick-tilbe is retained in position byjthe slide G. The great feature of 
'this lamp is thab all these ptrts, instead of screwing intg ihe frame C, slip 
into itspiston-like, and are p/evt.iti.d from falling out by the pivoted bottom* 
plate H, which is secured, by a lead rivet. I is an india-rubber buffer to 
prevent the lamp being injured when set down ; K is the pricker. The 
•.'C&&6& of the. produets of combustion is a quesudhable advantage when 
internal explosidn is likely to occur. * . , • * 

yb« Garforth lanf£ was ’also a Mueeele* furnifihed with a gas4eetdng 
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device to be considered later on, whilst the Maekwosth lamp was a Mueseler 
lamp with a glasa-tube instead of a metal tribe for the chimney. The fpmp 
introduced by Stredley also belonged to the Mueseler group. It Was a ipsav 
looking lamp, having instead of the gauze diaphragm a ring if unglazed 
porcelain perforated with holes, and a plate of similar fnaterial mounted in a 
copper shield in place of the gauze cap of the ordinary Mueseler., 


C 0 . Lamps of Composite .Type. 

« ‘ 

Bryham’s, so called, Mueseler lamp, fig. 337, had a Clanny ^ase and air- 
intake, a Stephenson air-feed, an Eloimchimney, and a special gauze capf This 
combination introduces us to a class of lamp which is intermediate,between 
1 the Stephenson and the Clanny types. The Bbty 

Fie. 338.. lamp, Fig. 31c (p. 345), is a lamp of this type, 

fon although provided with holes below for the 
admission of air, the provision is inadequate, and 
as a result much of the air is drawn'through the 
Clanny gauze. In Combe’s lamp, Fig. 338, which 
falls'within this category, the cistern, similar to 
that of Davy, was surrounded by a cylindrical 
rim, pierced with a, series of ‘holes intended to 
admit the air, and covered with two layers of 
wire gauze. The air, in passing through, reached 
a metal dome with a circular opening, which con¬ 
centrated the whole of the air near the flame. 
The framework was formed of six rods, connected 
by two rings. The glass shield rested upon the 
lower one, with an intermediate piece of cloth or 
leather. The upper part of the lamp was com¬ 
posed of a tpellis protected by six iron rods, and 
at t^ie bottom a shield of wire gauze, supported a 
copj>er tube or chimney in its centre, which pro¬ 
moted the ventilation and increased the draught 
of air thkmgh the cistern.' The products of com¬ 
bustion escaped thr<fqgh*the meshes of the (Shield 
and trellis. , 

In this arrangement, the air admitted through 
the perforations and gauze below the flame was 
always deficient in quantity, and some air* was 
drawn down from above. This second current did 
not, however, obtain free access to the flame, and 
the latter was therefore smoky. Moreover, the oil 
frequently overflowed from the reservoir and 
choked the underlying gauze, with the result of 
further obstructing the supply of air. 

• ‘ The Gissing lamp was also a Boty lamp with 

large instead of small holes for admitting air; this 
Cblaflfe. “ * ' alteration did not, however, feffect the behaviou* 
t of the lajnp to any material extent. She SchOnef 
a German .lamn jras a large form of Boty lamp. ‘Baiabridge, Fig. 339, 
and Glover hftve also produced lamps of the Boty type. • . 

Combination* of the Clanny and Stephenson %ir-feed were employed by 
Fyfe and Hewitson, in their “ Improved Clanny,” which bad immediate^ 
above the oil vessel, anti below the wick, a series of lateral perforations for 
supplying air from- belowj with.a floor of single gauze above. The gist* 
cylinder fh this lamp wSs protected by an outer cylinder of talc, without) it 
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t j.1. 4> : —w ui me glass ana metal. 

^In the Routledge and Johnson lamp, Fig. 340, we had, as will be seen, 
a CUpny air supply, a smallpylindrical directing screen, a Mueaeler chimney 
■•very nearly Marsaut gauzes, double glasses with a cooling down-draught 
of air m the^qpular spa* between them, and filially a Stephenson air- 
feed us a consequence of this downward current. This lamp was really 
safe whetfin proper order, but iffli <Tthe defect that the inner glass, being 
too near the .‘o.ame, was liable to become highly heated and thus fractured. 

• • 

• Fig. 340. 



"VVTien this occurred, the lamp was entirely altered in character, and was no 
longer safe in strong cui rents. Anothe^ drawback to this lamp was its 
complicated construction. 

Mafly points df similarit^to the last lamp maylje traced in the Thorne- 
burry lamp (see Fig. 322, p. 350), which, hcftvever, is somewhat less compli¬ 
cated. In the latter, it will tje no; iced \fe have double f glagpe 5 surrouffiimg, 
the flame, a sheet-metal chimney, which, however, is Eloin and not Mueseler, 
a Clanny gauie, 0 ,*suiTougding this chimney, an external bonnet, E, with 
air-qpenings beneath the lowe. r’in, corresponding witB *hcles in the upper 
ring of the frame, and jt baffle-plate of perforated sheet metal attached Inside 
1 the lower p^t of the bonnet to prevent an inrush of air induced by an 
upward current qf high velceity, such as*may bo encountered in descending 
a shaft, the whole lamp being surmounted by a top-p\ale supported slightly 
above the bonnet. aThe ‘only fiameworl^is Shat protecting the_ glass a%m 
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well as supporting tie tipper parts. The glasses are held in position by the 
1 ufper ring of the frame and a flat skeleton ring of metal, covered with wye 
gauze, renewing into the lower ring of the frame. Asbestos washers are 
used between the glass and m$tal surfaces. The air, therefore, enter#through 
a C!lanny-like inlet, passes the baffle-plate through the gtuuie cylinder, down 
the annular space between the glasses, and through the ring of gauze into 
the air chamber. Thence the air travels into,the dome surrounding'the 
flame, part going direct to the flame, and part escaping from holes round the 
dome. Thus the air-sdj>ply reaches the flame In' a 'manaer .similar to that of 
lamps of the Stephenson type, and is concentrated^ round the flame' by a 
dome, as in m my lamps already menti^nea. The products of d&mbusfion 
pass up the long chimney, through the top gauze, and out under the top-, 
plate. This lamp, Vhich is furnished with ingenious locking and wield- 
adjusting arrangements, bu'rns mineral oil, and has given very good results. 
It has, however, been objected, to as somewhat too bulky, and there appears 
to be some risk of its working being disorganised by the breaking of tile 
inner glass; moreover, it gets very hejt.* * , 

A most interesting and promising combination of principles is exhibited 
in the recently introduced Williams’ Improved Cambrian lamp; in whlqh 
the air enters underrifeqth the bonnet, as in a bonneted Clanny, then, after* 
passing the gauze, descends hollow standards, extending between the middle 
and lower frame rings, and reaches the flame as fn the Gray system. 

« 

7 .'Unclassified Safety-Lamps. 

We have now to pass on to the consideration of some lamps of peculiar con¬ 
struction, and although most of them, like some we have already noticed, have 
never been pf any practical value, they are, at any rate, of interest as showing 
the nature 1 of some of the attempts made to produce safety-lamps for use in 
fiery mines. «Perhaps of this class of Jump the early safety lanterns of Crane 
should be first mentioned. These were ordinary square lanterns with glazed 
sides, beneath which were glotsf protected by gauze, for the admission of air 
below the flame, wffile the products of combustion escaped through a oowl at 
the top. .Crane also introduced a quaint little lamp of .the form shown in Pig. 
341 (next page). These devices were not safe; (hey were all too fragile, ,the 
lanterns were also too large, anS <the air inlets and" outlets were not suffi¬ 
ciently protected. Moreover, in the case oi the little lamp illustrated, the 
pricking wire passed through the gauze, and made a somewhat large open- • 
ing, which increased the insecurity. Biram’s safety-lamp was like «an 
ordinary hand-lamp; it was constructed of. sheet metal, had a silvered 
parabolic mirror behind the flams, and was closed in front by a door* 1 sliding 
in grooves. Tha tipper part of the door consisted of a*flat plate of mica; 
the lower of a st^jp of gauze; both‘being set'in a copper frapae. The 
ehimqpy was a metal cylinder with a gauze cap at the top, surmounted by a 
sheet-inetal cover furnished with Slots for the escape of the burnt gases. 

An advanced form of lantern was devised by J. Evans, Junior. , In this 
lamp, two glasses were provided; the mner*one, shaped like an ordinary 
( lam$ chimney, was 4^ inches in length, 1A inch internal diameter at the 
'lower end wherb it'encircles the flame, and inch at the top; the outer 
glass was 4 J inches in' length, and had a uniform internal diameter of *2 inches. 
These glasses w'ere«l>3ld in position by brass riflgt which werb supported by 
stay# fixed in lugs projecting from the rims of the rings. The upper pdrt of 
the lower ring foraied a diaphragm round the neck of the oil vessel, and was, 
provided with a raised eiigcular ridge, which retained the glasdds in position ' 

• In tbs latest form of the Tboroeburry lamp the homer with metallic dope, shown In the 
illustration, Pit?. 32a, p. 356. is replpetyi bjfa Barton burner,. oonaiatiDg of a porcelain wick- . 
*tube terminating at the upper erftt in a ontwent-ehaped agreading lip.* 3 «' 



\>etow, whflsfc at the top- a met^l diaphragm, furnmhAl with two circular 
ridges on the,under surface, rested* on the glasses and held them properly* 
cqpcentriti. The upper diaphragm was also provided with a circle of holes over, 
■the anntdai; space between the two glasses, and was, moreover, raised in the • 
centre so as to forta d small conical chimney. This diaphragm'was surmounted 
byadomp of double copper gauze, the inner gauze being coarser than the outer, 
and »th being mounted on one metal band. An ordinary cowl top screwed 
into tBe upper frame-ring, qpvering and holding fast^not only it but also the 
gauze and the diaphragm. FSr the admission of air, holes were provided in 
the cylindrical portion of the low^p frame-ring; whilst a raised, threaded and 
perforated ring, fined round the neck, on the top of the oil vessel, enclosed 
an amyular space, which was covered with wire gauze at the top. When the 
oil vessel was screwed home, air passed through the twt> &ts of orifices into 

- * Flo. 342. 



Crafie. 


McKinless. *» 


the*annular chamber, and "thence through the gauze diaphragm into the 
lamp; ‘part travelling to the flame, and pa^t finding its way between the two 
glasses. The ordinary flame pricker was used. Thia.lantern, though of good 
appearance, was obviously useless as a safety-lamp", jiot only on account of the 
large area of glass, but also (as to its use in strong currents o£ air) bemuse 
of the exposure ofdihj gauzes at the top. * •••#,, * 

A sort of transition from lantern to lamp is -fuqiished by the Heih- 
eerling lamp, it* wHlch an arrangement like an ordinarj,oil lamp is placed 
in a cumbersome glass case protected by a frame of metal bars. If the 
upper and lower parts, of the case, gauze boxes filled wjth glass-wool were 
•fitted; the ent*ring air and escaping products of combustion passing respect¬ 
ively through the Jovser and upper boxes. • 

; In Haworth’s lamp,, the air passed through holes, protected by gauze, 
into a chamber round thd- top of (he oil fdbsM, •and travelled to the flaifltr" 
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through a perforated diaphragm, protected Jiy gauzfe, surrounding the 
tube. The lamp woe fitted with two glasses, with a closed annular spafee , 
,between them. The products of combustion escaped through a cylinder pf' 
perforated metal into an annular space formed by an optdV brass tube, ’ 
closed at the top by a gauze cap, which in its turn was protected by a covered 
brass shield, perforated near the top with a ring of holes. The peculiarity 
about this lamp was that the air chamber round the wick-tube, aim the,, 
annular space in the tpp part of the lamp, yere ^connected by two tubes, • 
covered at each end with wire gauze, and passing through‘the illuminating 
chamber. Lucas’ lamp was a Stephenson l«mp, with, the addition pi a sejies 
of radially arranged sheet-metal cells, both at the lower* part of the lamp, 
and above the Stephgnson glass. The air, entering through openings pro¬ 
tected by wire gauze, traversed the lower aerie? of cells and then passed 
through a gauze diaphragm to the flame. The products of combustion 
similarly traversed the upper 'series of cells, 1 ^before escaping through wire 
gauze. In the locking arrangement of this lamp, an iron stud was attached 
to the back of* a hasp hinged on t[Z the lower part of the cage j so that 
when the lamp was screwed up and the hasp shut down, the stud panned 
through a hole in the lower ring of the «age and into a hple in the rim 6 i . 
the oil vessel. A metal -loop at the end of the hasp then corresponded with 
a staple attached to the oil vessel, and by means pf a padlofk thb two could 
be locked together. This lamp was constructed to burn a mixture of mineral 
and vegetable oils, and lienee apparently arose the desire of the inventor to 
provide an efficient cooling arrangement in the series of metallic cells. 

The Humble, a lamp of the Mueseler type, was of finished appearance and 
somewhat curious construction. The lower part was of not unusual form, but 
tiro air inlet was a perforated brass dome, supported by the frame above the 
glass cy limjdr surrounding the flame. Immediately above the glass, however, 
was a metallic plate perforated with small holes’) and above this there was a 
gauze diaphragm, so that the air entering the dome had to pass through 
both of these on its way to the fyime. For the escape of the products of 
combustion, a tube,‘extending both below and above the perforated metallic 
plate, was provided in the centre of the lamp. This tube passed through the 
diaphragih and dome, as well as through the metallic plate, and terminated 
at its upper end in a chamber clored below by an imperforate metal plate, the 
top and sides of the chamber being formed by a cylindrical gauze cap, which 
was covered with a perforated bee-hive shaped brass dome. The inter¬ 
mediate part of the tube was surrounded by a larger brass tube, to which the 
lower dome was attached, at the lower end, and at. the upper end a plate to 
support the upper dome. The annular space between the two tubes was 
closed at top and bottom by collars attached to the inner tube. Three gills 
were provided on'the exterior to further facilitate the cooling of the escaping 
products of combustion. The whole of the upper portions of the lamp were 
held together by a key passing through slots in the lower part of the ehimney- 
tube withjp the glass.. Across the central aperture of .the lower plate 
supporting the glass, a bridge Extended, with r, tubular hble exactly in the 
centre. Thrqjigh this hole the wick-tube was passed when the oil vessel 
'■was screwed upj. but on* unscrewing the oil vessel when Eko lamp was alight 
the wick was drawn dawn through tfie hole and the flame was extinguished, 
so that the lamp could not be opened by removing the ofi readrvoir without 



putting out the light. *•' 

The McKinless, lamp, Fig. 342, is curious in character. In this 
lamp, in which no gauze is u§ed, the chimney is of brass, and is 
shaped somewhat like a c “ninepin” with abeut two-Ahkds of the low®, 
part cut off. Inside, the lower .end a short flanged tube is fixed, so as 
~k> form .between it and* tW wall of the .chimney ^proper an annular 



space closed at the top, hut. open below, the chimney wall at this jp.rt is 
^perforated • with a great number of small hoi*, end a short vertical 
1 cylindrical brass band encircles the exterior of .this portion of the chimney 
at a short*distance from it. This band is fixed on a flat horizontal brass 
ring which extends round the chimney and covers the space between the 

$ 8896 . There* is thus formed, outside the chimney, a second annular 
tee, closed below and open at the' top. The head of the chimney 
contains a perforated, plate supporting a.conical shield, open above 

and below, whiclf is covered by a hemispherical dome oi brass with holes 
found Jhe base. A bonnet al#o fits closely over the whole of the upper part 
of the lamp, shielding the air inlet (holes being provided round the lower part 
of the bonnet for the admission of air), but leaving |he outlet orifices unpro* 
tected. The air entering fhrough the bonnet t(jus passes Into the outer annular 
space through the peri ora tions*in the lower part of the chimney, and thence 
Fig. 343. * 



e * | 

into the inner annular space, frjm which it is directed downwards to the 
*flame by the internal tflbe. This arrangement, although ingenious, has not 
bedh found satisfactory, the air supply being insufficient. Moigjover, the 
lamp is expensive and somewhat complicated. 

Orossley. introduced a # lamp intended to*be independenfof the atmo¬ 
sphere of the mine. This lamp was supplied with compressed.air by means 
of two tubes,furnished with,«top-e<Jcks, passing >p, tkrdjigh eaclr sid$ of 
the oil vassal anif terminating in two small apertures Below the wick-tube. 
To break <tjje force of # tlje air current each aperture was arched over by a 
small piece of sheet brass. The air passed througlf %, .dome of wire gauze, 
fitting round the wick-tube,' before it reached the flame. There ♦ere two 
glass cylinders and air circulated between them. ’ 

In the rendleton'lamp, a cylinder’of mica surrounded the flame, and was 
supported ®n a cylindrical strip of perforated copper (.whilst it terminated above 
at a diaphragm*of perforated copper. Round this cyliade* was a slisbtiy 
conical case, composed of five longitudinal strips of copper gauze doubled, 
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alternating with longitudinal strips of mica set is copp et frames, The-tofel^ 
of* tA case "terminated in two separated diaphragms of perforated sopptje^ 
below an ordinary bridged lamp-top. When the lamp was properly cljsed, a# 
spiral spring in the oil receptacle forced a pin into a hole ( in j th'e ease, ana 
locked the two parts together. 

T. Y, Hall’s lamp, Fig. 343, had two lopg glasses, and between themji' 
cylinder of silver gauze, the inner glass being of this ordinary lamp chimroy 
form. Air was admitted through small holes rojmd the lower ring of the 
cage and in a rim, attached to the upper part of the oil refceptacl'e. Part.of 
the air thus admitted passed to the flamq, roqpd winejj.,it was concqptrate(J 
by the dome of the glass chimney, and part passed up between the glasses, 
the latter current escaping through some small holes in the intermediate ( 
ring of the frame, But'when the lower air inlet wap obstructed air entered 
through these holes, which could, if desired, be partially or wholly closed by 
a ring screwing over them outside* The upper pfert of the lamp—into which . 
the burnt gases were discharged, subsequently escaping through a gauze 
disc and a cylindr ical gauze cap—consy.ted of a wire gauze chamBen, and 
was isolated from the lower part by a flat horizontal ring placed above thd , 
upper air apertures, and covering fh% space Iietween the glass chimney and * 
the outside of the lamp. The glasses were pressed against the lower ring 
by springs fixed above,in the intermediate ring of the frame, aftd the frame 
itself was hinged on to the oil vessel. An Ai^and burner could be used with 
this lamp; Hall also suggested heating the oil by having it ih a cistern 
supported above the flame by hollow standards. The lamp, however, was 
so complicated in construction as to be useless. 

In Dumesnil’s lamp, the reservoir was of a rectangular shape, and, with 
the object of feeding the wick with oil at a constant level, was attached 
to one side of the lamp, in a vertical position. The wick was flat, and 
the oil was supplied through a pipe at a level alWe that of the base of 
the lamp. Two tubes, slightly inclined towards the side of the wick, supplied 
the air necessary for combustion, fhe opening was closed by wire gauze. Tfie" 
glass shield was secured between two metal plates, and was protected from 
blows by curved iron bars. The 14 mp„was supported by four feet. The 
chimney of sheet metal was contracted ‘cowards the tbn, where the products 
of combustion escaped. A double envelope, towards*tpe lower end, projected 
into the body of the lamp to give steadiness t* the flame. When a large 
quantity of gas was present, a peculiar noise was heard, or, as the inventor 
expresses it, Elh crie Jane le danger. It diffused an excellent light, at 
least equal to that from three Davys, consuming a little more oil, and" 
burning eight to ten hours withrfut requiring attention. The weight and 
bulk of this instrument prevent it b'eiv g used as a portable lamp. 

This principle as regarde oil supply lies been adopted by Cambesskdes, 
who has constructed ai^Argand lamp which somewhat resembles Dumesnil’s* 
lamp, thenoil reservoir being attached | to one side of the lamp. Although the 
light is thus obstructed in one direction, yet by means of a reflector it may of 
course be thrown where it is Ranted. This lamp*, when burfling norafally, 
affords a steady light of ij can'dle.' 

«A la'tnp of tljfe (Happy .type was designed in Prance, inpahich the gauze 
was replaced by a cylinder constructed of superimposed flat rings of iron, 
maintained at a distance of one millimetre apart. /I^ie empty lazrfp weighed 
1225 grams. It waa'shpposed that this arrangement would prove more 
efficient than the gauz^, but this was found not to be thq case. In a current 
of 145 inches per second the arrangement became Ved-hot, though no explo¬ 
sion took place, but when the velocity of the current w as successively increased 
to 175, 335, and 410 inches per secon^l, explosions occurred respectively in 
thirty seconds, five seconds, ar d Hnttfntaneously. ■' 





t Agp-angements, more or less-automatic in chanacter,have been Suggested for 

Preventing a s|fe$y-lamp from being at’ any tfene converted into an open flame 
lamp, ana many of them are to be seen in the Museum of Practical Geology, 
i^Jermyn Btredfc, London. As an-early example of ingenuity in this direction 
th$e is a Davy lamp whifth is provided with an arrangement for extinguish¬ 
ing the flame when thedamp if being opened. On the inner side of the lower 
ring of the frabce, which is made deeper than usual, there is a thin flat hori- 
gontal iron ring, having two braaks,- opposite one another, filled by two wedge- 
shaped arms, pft-oted at the other end; whilst'two unequally armed levers, 
bet* so that' the arms make a vertical angle of about ipo°, are attached to the* 
top of the oil-vessel. The longer arms of .the fevers are flattened out, and are 
thin enough to pass into rijo sRts in the opposite sides of the wick-holder; 
when not in use they are retained in *a nearly vertical position by a 
spring, find the shorter arms are then iu a nearly horizontal position on 
the top of the oil receptacle. ThA shorter arms terminate in small trans- 
•verse wedge-shaped blocks. When the •fnAde is screwed on, the wedge- 
shaped arms in its lower ring pass over the wedge-shaped ends of the levers, 
and do not disturb their position; when, howdVer, the action is reversed, 
the wedges iit the ring catch the lever wedges, and, iif lifting them up, drive 
the long argis into and down the slits in the wick-holder. As the unscrewing 
action is continued, the long arms regain their position, but on the next half¬ 
turn of the frame the wedges again come together, with the same result as 
before; the wick is thus battered'down, ana the flame extinguished before 
the removal of the oil vessel can be effected. 


Another invention for effecting this object is dimon’s patent, in which 
a little spbon-shaped extinguisher is held up by a button, wliich is wedge- 
shaped at the lower enJ, the arrangement being fixed inside j;he lower part of 
„t^e frame. In screwing the lamp together, the wedge-shaped portion of the 
button passes a spring-catch attached to the top of the oil vessel, without its 
position being disturbed; in unscrewing however, tbb wedge is caught by 
the spring, and thjs releases the extjngmsher, which then falls on the flame 
and puts it out. Another ingenious device with the same object in view is 
that attached to Iteeah's (unbonneteij)* lamp. A ring, threaded on* the 
outside to screw into an aperture in the centre of the ring supporting the 
glass round the flame, also screws into the neck of the oil vessel, and has 
^inverted V-shaped notches in its lower rim, corresponding with two similar 
shaped projections within^the neck of th,e oil •receptacle. Thus, in screw- 
ing*the oil vessel on to the cage, the ljng is at the same time caused to 
screw into the central aperture alredfly referred to. • On unscrewing the 
^vessel, however, the projections Aio longer engage with the notches, and 
tha ring is left in the aperture, with the result that fwo hemispherical caps 
of different diameter, which are pivoted on the wick-tube, and are'too large 
to pass through the ring, close over the wick gnd put out the.flame. 

& Prance, also, activity has been displayed iu this direction, for years 
ago Dubrulle suggested a device which has thus bean described by 
Bauerman. Tfta.oil vessels ate urn-shaped and are -made e£ zinc, and hive 
projecting studs on their outer surface, which "fit into three corresponding 
dutches in a cohering ptate forming the lower part of the cage. The locking 
belt is a bent wire, contained within the oil vessel, withu straight portion at 
the upper end, whioh passes through a hole in the top of the lamp, and is 
'received iato a hollow boss, lined with brass, in the covering plate. The 
bolt is maintained in position by a curved copjTer spring, also within the oil 
reservoir. *The wick, f jrmed of a single thickness of *flat cotton plait, ia held 
at the lower entP by ah iron clip, witlt a shefrt projecting Arm, carrying'a 
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screwed nut or collar, through which passep a . vertical sirew for raising or 
loVering it. The iron locking-bolt is also provided with a projecting arm^ 
wjth a round socket or eye, through which the,vertical rod passes loosely, an$» 
it is only when the lower edge of the collar on the wick-h($de|‘ is brought jn 
contact with this arm, that the bolt can be withdrawn; when this is done, 
however, the flame becomes extinguished by. the withdrawal of the wick withm 
its case. In putting the cage on when the lamp i* trimmed, the open pgrts 
of the clutches are brought over the studs, sufficient .pressure being exerted 
to press back the locking-bolt; the cap, is then turned round through a small 
angle, to make the dutches take hold of thr> studs, and when thap are iy 
position the bolt springs up into its seat, and cannot be withdrawn without 
■screwing down the wick as described. The working of this lamp is somewhat , 
fascinating to witness above-ground, but its complications and other imper¬ 
fections render it unfit for practical use. * 

The most simple of these appliances is undoubtedly that adopted in the ■ 
“ Protector” lamp, Fig. 344 (p. .363) in which the wick-tube is long and 
screws into a longoheath A, the latter, a^hhown in the figure, being screwed 
into the central opening of the fewer ring supporting the glass. The sheath un 
held in position by a bolf. and clamp, B fixed by a spring, and cannot be ' 
unscrewed until the oil vessel has been removed, and in doing this the flame 
is necessarily drawn down into the long sheath and ,thus extinguished. In 
preparing this lamp for use, the sheath is scsewed on to the wick-tube, the 
lamp then lighted, and the,oil vessel screwed into the lower ring. 1 When the 
parts are properly adjusted, the bolt is pushed in and the lamp locked. 

Timmis’ lamp was so constructed that the flame was extinguished on the 
breaking of the glass. This lamp is on the Eloin principle, but the products 
of combustion pass up a funnel-shaped chimney, which at its smaller, and 
upper, end is ( prolonged by a cylinder of gauze, closed at the top by a brass 
cap. The chimney is surrounded by a brass tube, forming an annular space, 
closed below. Ibis tube is perforated lot aljout an inch, just below where, d 
surrounds the gauze prolongation, pf the chimney, and the perforations, as 
well as the top of the tube, are covered by gauze. This lamp has two 
tightly-fitting glasses, and through' a Yalve opening inwards compressed air 
is forced into the space between them. 1 The pressure 1 of the air distends a 
membrane at the bottom of the annular space, and r t,hisa forces down a lever 
which holds on its free end (shaped like a twoipronged fork), a rube sliding 
freely on the wick-holder. When the pressure of the compressed air is 
removed, this tube is pushed up by a spring and extinguishes the flame. 

Among the best devices proposed for diminishing the risks attending 
the use of safety-lamps in fiery mines, are those for automatically extinguish¬ 
ing the lamp when ,it becomes dangerously hot. To effect this, a catch 
is generally retained by a piece of string‘or a wire, of low melting point ( 
so that when the temperature is sufficiently raised the string burns or 0 the 
wire melts, and the catch holding ip check the extinguishing appliance is 
released. Ip,,the Ballardie.lamp, which was one of the Stephenson type but 
of very different build, the (ut titered through slots protected by gauze, 
and parted into 9. cup-shaped chamber, also covered with gauze. A string 
retaining a spring<wap ( stretched across this chamber, and^ifes spring, when 
released by the burning,of the string, actuated a mechanism for clositfg the 
air inlets. .. e fc » 1 

Evan Evans’ automatic shut-off, in his self-extinguishing lamp, Eig. 34(5, 
which is a bonneted f lanny, consists of two shields between the bonnet 
and the gauze. The outer shield, .which slides over the inner one, is 
covered with sheet metal at the top, but has a ring of holes near.the upper 
end. The inner shield is fixed on the top of the glass, and has a rfhg of holes 
near the hasp. Ct is open both'atfoVe and below. A rod, slid&g through a tube 
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•oofceide the gause, no? only extehd* below it, bat, Sy means of a flattealed. 
twned-up prolongation, is continued upwards a short distance within the 
gftyze, and at .this end-has a hook attached whicta can be tied up by string* 
to another hook fixed inside the gauze. The Ad, 
under these circumstances, presses against the top 
platMtfthe outer'shieid and supports the shield 
’ in sush a position that the^ioles in both it and 
the inner shield are jmocwefed, the lower orifices 
constituting the air inlet, an4 the upper ones the 
burnt ga» outlet. When, however; the string 
burns, a spripg fixed on the top*of the outer 
shield? and pressing against the under side of the 
top of the bonnet, pushes-down the outer shield 
over the inner one, and both series of holes being 
thus closed the lamp is extinguished. 

* 

Q? Lamps for indicating the Presenoe <X 
• . Fire-damp. • . * 

Closely, allied to the arrangements just de¬ 
scribed are those devices which notify the existence 
of high temperatures, and are intended to give 
warning of danger. Hyde’s lamp had a contriv¬ 
ance of this description; the lamp was a large 
Davy lamp, enclosed in a rectangular metal case 
with large openings on two opposite sides which 
could be closed by sliding shutters. The latter 
were kept open by a liooljattacbed’to a rod which 
passed through the oil cup and was suspended 
fi&rq a fixed support by a jjiece #f string inside 
the gauze. When gas ignited inside the tamp, 
the string burnt and let down the shutters, and 
these released detent* frpjn a clockwork bell. An 
explosion would, however, probably occur before this apparatus came into 
action. In the Somz^j aotifier, a metal spiral or bar was so Arranged that 
when it became overheated in consequence of the combustion of marsh-gas 
inside the gauze, it completed an electric circuit and a bell was rung. 

„ This leads us to the consideration of the various lamp appliances which 
have been suggested and practically adopted for indicating the presence of 
fire-dahap in a mine. As has already been»pointed out, the ordinary gauze- 
' covered flame indichtes the presence of marsh-gas in the Atmosphere, either 
by,becommg elongated or .hv the formation of a “ cap.” Fig. 346. When 
fire-damp is encountered in a mine, the first indication of its presence 
is usually an elongation of the ordinary flame. This elongation becomes more 
pronounced as tlyj quantity of gas in the .air increases, and gfadually a 
feebly luminous flame of a bflie colour, due .to the combustion of the gas, 
shows itself surrounding the enlarged lamp-flame. This Outer flafia i^ 
generally known**fe> the “ cap."' With increasing qt&nfttief? of gas the 
cap expands, and,takes various form*, depending oh the construction of 
the lamp, untl the atmosphere becomes inflammable* "When the entering 
gasdbus mixture bums at the inlet to the lamp, and the oil flame is utmost 
cases extinguished. In employing the lamp in testing (he atmosphere, the 
wiok is draWh down until the flame is greatly roduoed in size and is 
practically non-lUmihous, so‘that the feebly luminous _cap, when it begins 
to he formed, may be more distinctly tisitya, , The ordinary lamp doeg 
Upt indicate a proportion lower than 2 t# 2.3 per cent, of marsh-gas, bat 
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Evvi Evans’ Lamp with 
Automatic “Shut off.” 
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jtt spite of this, a small Jack-lamp is still .frdquently employed for iodfeatm| 
the presence of fire-fiamp in the working faces of some coal-milfee. Jig. 340 < 
e is intended to oonvey some idea of the character of the caps, all the. opts , 
being one-third the actual sizfe. In this connection, itejndy b?“mentioned 
that eminent authorities have asserted, and their assertions have been 
substantiated, that about 2 per cent, of fire-damp in air which is alsd h^Hly 
charged with coal-dust may constitute a violently explosive atmosphere; f - 
This points to the necessity of more delicate testing for fire-damp in order 


Fig.'346.' 

O 



“ Cap ” on Davy lamp to presence 0F2, 3 end 44 per cent, of gas. 



I 1 I 

lo ensure safety,-bd£ it Inay be pointed out that a usefePfire-damp detector, 
besides being sensitive, should be simple, portable, and secure. . 

As regards sensitiveness in the detection of triarsh-gas in c inine8,r ordinary 
lam p- may be arranged in the following order:—Gray, Mneseler, Mafsaut, 
Morgan, and lastly Davy and Stephenson. The first of .these lamps may 
almost, in fact, be regarded as a delicate indicator. 6 . 

A special advantage of Gray’s lamp as an indicator & that, the air euppW 
being taken in from 1 above, the atmosphere immediately beneath the roof of 
* Ihe mtoa am be conveniently tolled. This advantage is, of course, shaped 
‘ r‘ ' i v ■ ‘ - ?•' 
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by wane other lafopa, idreadyalladed to as imwiog* their supply of air 
wholly or in pert from above, but &ese lamps have not the Other faveutautf 
’featuresjof the Gray lamp. Many makers of lanjpa now provideholes near, 
tbd top ofuthfc bonnet, so that on closing those at the base the supply of air 
is taken wholly from the top. This is the oase with Davis Fire-tner's lamp. 

'({hae-of the simplest detectors is.the Fieler lamp, which in its old form 
) consisted of a large Davy® lamp, with an 
Argand wick,, constructed to„burn alcohol; o Fig. 347. 

air was supplied to the inner part of 
thg fiaiur by a vertical" tube passing a KJj 
through the alcohbl vessel, and protected at * «_. 

#ach -snd by bauze. The flame was sur- r^) . PiVr 

rounded and hidden by .a short conical m 

screen, and thus the cap was rendered easily I \ . / 

visible. This lamp would detect as little as • I i-V-- j / 

i per cent, of marsh-gas in the air of the • I fT ~“ ' jr| 

mine, ana with it the following results have * • , ' 

been obtained when the flame was 30 mui • 
high. . • . J. 

Ia air containing 0.25 per cent, of methane, 

a oap 30 dim. in height. 1 

In air containing 0.5 per cent, of methane, 
a cap 6g mm. in height. 

In air containing 0.75 per cent, of methane, 1 1 

a cap 75 mm. in height. 

In air containing 1.0 per cent, of methane, 

* a oap 90 mm. in height. j 

In this old form, however, the Pieler 
lamp was unsafe. The latest form of this *« 

lamp, Fig. 347, is provided with two.gauzes . 

oodoa bonnet. In the bonnet, *hero is a 
narrow longitudinal window, fitted with ft 

sliding shutter, which is opened for purposes • - 

of observation. The Jpmp weighs 11720 ' J 1 

grams, and, as regards ^safety, does not II 1 

cause an explosion tfith a current of *a | / r 1 ' 

velocity of 45 feet per second, even with —$}—( | , JfTJl, j . ) 

one gauze, and with the window of the I I j I 'JsT £ \\r * I 
bonnet open. This shows the advantage of * nf InB 

a bonnet, even when it has a narrow opening • i[jPj|jl [.Bpfj 

in it. In this lamp, however, an explosion is W ’ “ i 

liable to occur whdn the supply of commas- [| 1 | 

tible gas is cut off; the cause of tfiis phe- J fl I 

nomenon is the back-rush of inflamed I ' jv. V 
alcohol vapour escaping with violence frSm |' 

the row of holes^n the lower part of the, 1 . 7 . .„L, 

bonnet. 'Hie Fieler lamp 0 is useless fora JHL tk. 

illuminating purposes, therefore a second M T 7 \ W™ 

lamp has to be carried about wlth.it; in J - *' 

fact, the Pialer Isynp should only be “used for teetifig when the ordinary 
lamp has failed to detect $as. • • 

■: Cheeneau in France has recently introduced a modified Pielei® lamp 
in which the liability to explosion is minimised; to test for gas, he employs 
Dutch liquid; or methyl-alcohol containirfg cuprous chloride, by this means a 
very delioate-.indioaiion is given by cap as well as by change of colour of the 
Seine, but the incqnvenispoes attached to carrying a large noiviiiumiaating. 
apparatus are not eliminated; * • 
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sENS^rrvsitaes ofa .fibe-damp isdioatoes. 

For detecting tiA> presence of large proportions ofi gets in the air filling 
1 cavities, fissures urj‘ wickings,” where tne introduction of a lamp would-be , 
, impossible or probably tjangerous, John Jones suggested withdrawing^ a 
sample in a syringe constructed to retain a charge of comprtssbd gal betrifeen' 
the piston and the collar through which the piston-rod fronts, the sample so 
taken to be subsequently examined, either chemically in a laboratory, w hy 
observing the effect of injecting it into a lamp fitted with a suitable ti£>e for, 
its admission. With the same object in view,, Gjarforth suggested taking' 
a sample in a collapsible india-rubber hall furnished with a nfetal nozzje. A 
bonneted Mueseler lamp was used for testing the sample, and for this purpose 
was fitted with i tube of a small diameter,containing several gauze diaphragms, 
which passed through the oil vessel close to the wick-tube. 1 The lovjer end 
of the testing tulse was constructed to fit the nozzle of the bulk-rubber tall, 
and was closed with a spring valve. The insertion of the nozzle opened the 
valve, and on the ball being squeezed the sanfple of air was forced into tfye 
lamp, through the testing tubp, the gauze-capped upper end of which forms 
a burner. Thir arrangement did nothin any way interfere with Hfee use of 
the lamp for purposes of illamination. *, 

Clowes has recently devised‘an apparatus for ascertaining the sensitive¬ 
ness of safety-lamps whsn used for gas-testing. This consists simply of a ‘ 
gas-tight cubical wooden box or chamber, fitted with ar large swinging 
wooden flap, moved by an external handle, for agitating and mixing the 
gaseous contents, and furnished with suitable water-sealed openings for the 
introduction of the lamp to be tested, as well as for the removal of the 
atmosphere. The chamber is also provided with an inlet tube for gas, 
an outlet tube, sealed by water, a window through which the behaviour of 
the lamp under test can be observed, and a hole in its floor through which the 
pricker my) be manipulated. The interior of the chamber and the surface 
of the flap are painted dead-black. ‘ 1 

The results of the experiments ‘made by Clowes with this testing 
chamber showed that Ashwor^h-Hepplewhita-G-ray lamp, burning Befizo- 
line, was an efficiert lamp for gas-testing when the flame was reduced in 
size, by drawing down the wick ip the usual way, especially when the 
“ cap ” was viewed against a surface‘obtained by grinding the inner surface 
of the back of the glass cylinder of the lamp, soiqs tp destroy its reflecting 
power, or better still against the dead-black background prbduoed by smoking 
the interior of the lamp glass at the back. Under these circumstances, a 
distinct flame cap, 7 mm. in height, was seen in air containing only 0.5 per 
cent, of methane or fire-fiamp, It was, however, found that the sensitive¬ 
ness of an alcohol flame was dmch greater thin that of the benzoline flame, 
and that a hydrogen flame was ii this respect preferably to an alcohol flame; 
moreover, the hydrogen flame possesses the additional advantage over the 
alcohol flame of being less sensitive to the influence of the presence of 
products of combustion, and to deficiency of oxygen. 

Kgs. ^48, 349, 350,,351, give the actual measurements made by Clowes 
of the caps obtained witju the colza-petroleuju flame, tile benzolifie flame, 
and the hydipgen flame. * Thtee results exhibit very clearly the superiority 
>of the hycfrpg^ ^sting-flame, ahd demonstrate tha^iie delicacy of the 
test increases with t^e size of that flame, • 

The following general conclusions, drawn Jrom tkese,measurements, 
and from experience derived from working witli the different lamps, are 
extrifeted verbatim, from a paper by Clowes in the Proceedings of the Royal 
Sooiety, vol. lii. pp. 484-503. r , < 

“ 1. The indications «f the Pieler lamp begin at thp lowest limit of 0.25 
per cent., .but quickly,become too great to be utilised. The 
thread-like tip extending above the flanfe for several inches in pure 



8SmmVBNE8S Of MBB-ftAMf IKDIO^JPOHS. 371 

air auA.net be mistaken for a cap, but it scarcely distingujsh- 
from the cap given.\>y 0.25 per cent, of gas. * 

, “ lamp suffers under the disadvantage that much of th% 

fedbl^ light of the caps is lost by .the obstruction of the gauze: 
the gauze also frequently presents a bright reflecting surface 
. , behind*the t flame, and this renders the observation of the cap 
% impossible. AlUthe other lamps in use are free from the inter¬ 
ference due t<^ gauze, and if their glasses are blackened, as 



, Heights of Methane Flaflie-oaps. 

0 t = Cclza-petrolenm flat lame (blue). . 

= 11 ... „ (luminous tip).* 

B — Ashworth’s benzoline-flame (blue). 

H = Hydrogen flame, standard 10 mm. * 

** »» *5 mip. in the gas. * 

^2 x 1 , » 5 mm. in the g^. 

• • • 

already described, they becom» well suited for the CbservatiUn of. 
caps. **fe» ' *••#*• * 

2. The dshwqfth benzoline lamp begins its indications doubtfully at 

°-S I* r oent., th§ dp thus produced being nKfte distinct, but not 
’ greater in height, than the mantle of the flame seen in gab-free 
air. . . • 0 

®ut starting with certainty*with an,indication of 1 per cent., 
it rayesf strikingly regular indications up to 6 per cent., and even 
higher percentages may be reafl off in q lamp with a fcng glass. . 

3. The standard 10-mm. hydrogen flalie gives distinct indications from 
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« C 

0.25 to 3 per cent.; the cap tfeeit becomes (bo high for measure¬ 
ment in the lamp; but by reducing the flame to r 5 mm., ot^>- 
Veadings may be taken up to € per cent of. gas. ... t * ! , 

The lower indi&atkms may similarly be iuorjftse^by raising 
the flame to 15 mm. 

4. The oil flame, produoed by unmixed colza oil, gives no indications 
with percentages below 2, With 1 peifoent of gas, the flame from c 
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Actual Dimensions of Hydrogen Flamei and Caps with Methane. 

The shaded %amea are of the standard 10 mm, size; their oaps are 
shown at (jf). , 

IThe dotted flames and caps \B t ) correspond to the flame 15 mm. high c 
in the gas. < 

The. fhree figures te tjie right (H,) represent 5 mm. flanjea and thqjr 
oaps; flames set ju the gas. * 

cpl^a ^mj^ed, with an equal volume of petrjjjwun (water-white) 
produces ap apparent cap v which, though somewhat more intense 
than, the natural mantle seen in gas&pe air, i#on|y* equal to this 
mantlq iii‘dimensions, and might easily be mistaken for it. t 

• “Th^ oil flame, when it is reduced until it just losee its 

luminous tip, however, gives distinct indications f$om 3 to 6 per 
cent. * . , 

“The.largest indications are produced by drawing down the 
flame in (As presence ef the gas, until % oapsof maximum size is 
obtained. . ' '• *• 
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.Via. 350. 



• • • 

Actual Dimensions of Benzoline Flams and Caps. 

• • 

Fig. 351 • 



• • 

9 Actual Dimensions of Q }1 Flames and Gaps. 


The Continuous llne% represent small blue flames and their caps. 

The dotted lftes represent caps produq*? when the flame was 4 dj tested 
•nutn viva maximum cans. 
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. gf‘ A carefully regulated oil flame may,«thfet»fore, conveniently supplement 
the hydrogen flame for the indication of 'gas varying from 3 to 6 per oem., 
tod in the new hydrogen lAmp tips will be found to be a convenient* methdd . 
to adopt.' * * • 

“ The use of colza alone in the oil-lamp is very inconvenient for ms- 
testing: the wick quickly chars and hkrdens pn the top, and thejfltime ( 
cannot then be reduced without danger of extinction ; the flame can’never 
be obtained satisfactorily iu a non-luminous cohdStifcn, .The, admixture with 
petroleum obviates these difficulties.”' 

Keler had previously recognised the sujferiority of a hydrogen’flame for 
use in testing, and suggested that samples of air from the mine should be 
brought to the surface and tested with a hydrogen flame in a suitable apart* 
ment near the pit’s mouthy but Clowes.having overcome' the difficulties 
attaching to the employment # of hydrogen in a portable safety-lamp, has 
constructed a gas-testing hydrogen safety-lamp which in its earlier form 
consisted of an .Ashwortb-Hefplewhite-Gray lamp, supplied with* gas from 
a small steel cylinder 3 inghes in diameter by 8 inches in length, and 
weighing 4 lbB. A cylinder of «this size holds 4 cubic feet of the gas, ty 
enough to supply a flaffie t 10 mm. in heigl’t for about 16 hours. The gas 
passed from the cylinder, which was slung in a leather £ase by a strap 
across the shoulder, through a flexible tube, intwan opening in the bottom 
or side of the oil reservoir of the lamp. This opening, which*was closed by 
a self-acting valve when the supply tube was removed, communicated with 
a copper tube of fine bore passing through the oil vessel and terminating on 
a level with, and close to, the top of the wick. ., 

Recently Clowes has adopted the arrangement shown in the illustrations, 
Figs. 352, 353, 354, wherein a small cylinder, holding a sufficient supply of 
compressedffiydrogen to maintain the standard* flame for forty minutes, is 
attached to the side of the lamp, and e,ven forms a convenient handle. The 
cylinder, whilst securely held in position, te readily detached when exhausted 
and replaced by a charged one which can be 
Fio. 352. • carried*in the pocket. The small cylinders are 

replenishedW required fsem a large cylinder of the 
usual form containing jo or 20 cubic feet of gas, 
about half of which can* bl used before the pres¬ 
sure becomes too low to give the small cylinders a 
sufficient change. 

The lamp while burning oil or benzoline can«be 
'used* as a source of light, or may, by drawing 
down the.wick so as to produce a non-luminous 
flame, be emjjJoyed in gas testing When proportions 
of gas’exceeding 3 per cent, have to be looked far. 
When, however, the proportion of gas is lest than 
3 per celit the hydrogen gas is introduced into the 
* lamp t and ignited at the jet, the wick being then 
drawn down until the oil or mineral spirit flame 
is extinguished. When the i llum inating flame is 
’ r again required, the wick is pushed up and, kindled 
’by the hydtogen flamj, and the supply of hydrogen 
is shut off, and therefore no second lamp is required as is the case witlj the 
Pielealamp. 

A very large nbmber of gas indicators unconnected with lamps have 
been from time to time suggested,*but these having already bSen considered 
(see Vol. I. “Fuel,”pp. 72-75), and being outside the scope oS our subject, 
jealt witn here. . , * .* « 

overed the presence of a dangerous proportion of marsh-gas 


will not be 1 
Having ( 
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in the air of a mipe^the miner should avail hiihselWof, the Information and 
withdraw from the dangerous hpet until a better condition of atmosphere 
^evails, buff it is important that "he should be able to'extinguish his lamp 
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Fio. 354. 



It has alsoebeen suggested that the same result should be attained by the 
employment of a ling, perforated at intervals, pfitced over the inlet or outlet 
orifices, or &>th, and admitting of being turned so 'as to close the orifices. 
a In Davis’ Fire-trfer's lafap,.a horizontal fing t>f this description is pltfh i 
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between the bottom of tie rim of the bonnet and the peafbatiw-’ W0W 
the middle ring of the frame. By slightly ttadog tli* % 
m position by a spring, the inlet holes are fclosed, a bar sliding %w&%4§> 
the frame, Und actuated bjt a spring, tong it. On drawing dpwntiefe 
the ring returns to its former position, and air is again aamittbd. This, 
device is noticed here as it might be applied tor the purpose under 
consideration, but in the case of the Fire-trier’s lamp it is simpJy usjjdto 

1 * 
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divert tlje air supply from the lower to the upper portion of the bonnet as 
already explained when dealing with indicators. 

BedwoodWapour Detection Lapip .—One of tl^e Authors has, in oottsulta* 
tion with Professor Olowes and with the assistance of Messrs. W. J. Fraser 
aqd Cot, recently devised a form of lamp for the applications? the hydrogen 
test-flame to cbfleetfe<? Samples of air. The apparatus was originally designed 
for the testing of the atmosphere of taJhks and oth«y spaceeton beard steam* 
ships carrying petrolefam in bulk; but is obviously*suitable for use in t^e 
examination of any’samples of air suspected to contain inflammable gas or 
vapour. The arrangement of Redwood's petroleum vapour detection appa¬ 
ratus, which is now largely, used, is* shown in Fig. 35^ The* appliances 
consist of the lamp A, tpo compressed hydrogen cylinder b, and the collecting 
vessel 0. The lamp , is represent^ in section iti Pig* 356. a k the 
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greatly contracted, and immediately above* the point at which 
“■** ti*e eateys the' base of the lamp is an arrangement of ^baffles, sul» 
mounted by these duos of wire-gauze of at least *8 meg per lineal lack, or 
not loss than 7^4,°P® n iDgs per square inch, the flow of the gaseous-mixture 
to »qe name being thus regulated, and the passage of flame into the collecting 
vessel being prevented. The chimney e fits air-tight at the base, but is 
capable of wertioal. mofeftdht on an inner tube* the fropt of which is 
removed. . The-ehitnney is partly of tnetal and partly of glass, the metallic 
jfjrtion Being blgpkened inside',Vnd on the glas^ window lines corresponding 
with variousjieights of flame-caps \aa.y be marked. The top of the hydrogen 
•jet-tiTbe is 10 millimetres (0.4 inch) below the bottom of the window; 
Attached to th"e base of the lamp is a telescopic support for a cloth, which 
envelops the head of the observer and excludes light when the testing 
‘apparatus is used in an nndarkened room. The construction of the collect¬ 
ing vessel is shown in section in Jig. 357.’ a is the expression pump, 
which js furnished with a metallic spring-piston, fitting the pump cylinder 
# fothout the use of leather or other material, and lubricated with plumbago. 
Surrounding the pump is an annular space, in wjiihh the sample of atmo¬ 
sphere is«torej). b is a collar to which may be attached a flexible suction- 
tube of any desired length. 0 is a cock, to which is attached a copper tube 
conveying the sample to the test? lamp. The bore of this cock is very much 
reduced, n is a pressure-gauge, and e a eprirfg valve lifting at 30 lbs. 
pressure, ff are hinged bracket^ on which the feet of the operator are 
4ilaced while the pump is being worked, o is a handle by which the 
cylinder can be conveniently carried. The capucttv of the pump 1I1 14.84 
cubic inches, and of the annular^ space 169.14 cub!c inches, .thirty double 
strokes of the pump being required to charge the vessel to 4 pressure of 
30 lbs. per square inch, when it null contain one-third ciAio foot of the 
asmosphere sampled. It is desirtible that the collecting vessel should be fitted 
with a relief valve, as the apparatus is often used in places in which the dial 
of the pressure-gauge cannot be easily seen. Having*regard to the well- 
known experimentsof the ignition df a piece of tinder placed beneath the 
pteton of an air-compressjpn syringe, it wgs thought expedient to ascertain 
the rise in temperature Resulting from idle compression of the sample, and, 
with the assistance of Messrs? W. J. Fraser and Oo., delicate thermometers 
were inserted at suitable points, but the increase noted was only from 20° 
fee 30° Fahrenheit. The hydrogen cylinder may be of any desired size, but 
it hag been found that whai> is known as a 5-fefet cylinder is of convenient 
dimensions. When charged to the usual pressure of 120 atmospheres, it 
holds enough gbs'to supply a io-mjjlimetre flame for tots hours, and is quite 
portable. The whole apparatus may be packed into two small boxes, and be 
readily taken on board a ves sel. * 

In the use of the apparatus, the first? step is to connect the hydrogen 
cylinder with the lamp, taking care that thg union* are screwed rfp gas-tight. 
The sliding chimney of the lamp being raised* about half-way, the gas is 
then cautiouslyRuined on at thg cylinder, the regulating vtBve on tBb lamp 
being Jeft open, and a light is applied to the hydrogih-^t.’ 'The valve t 
the. hydrogen cylinder is then adjusted so as to gife a flame rather more 
than jo millftnetres (0.4 lbch) in length, and the lamp»#himney pushed down, 
urffil there is an opening of only about a quarter of an inch in height at the 
bottom. This openifig is lgft for the supply of air tO the hydrogen flame 
wring the ftw minutes occupied in the'warming of the chimney. As soon 
auythe moisture ’ which at first condenses upon the cold glass has evaporated, 
the lamp is ready Jar use, end assuming Jhe .collecting vessel^to have bget>t 
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already charged withcthS sample to be testejj, and conqeet&i with the lamp, 
all flhat remains is for the observer to completely close the sliding chimney 
of the lamp, adjust the hydrogen flame by means of the regulating valve on 
the lamp, so that the tip ol the flame is only just hidden wban^thfe eye®of ■ 
the observer is on a level with the bottom of the winflovf, place his bead 
under a cloth such as is used by photographers, so as to exclude light, and as 
soon as his eyes have become sufficiently sensitiye, tufn on the tap qf the , 
collecting cylinder, and t carefully observe what takes place in the 'lamp 
chimney. The tap may at once be turned oil fully, ac tho contraction of 
the outlet and inlet orifices, already referred to,'prevents the rushing out of 
the contents of the cylinder,, and the sample'will be gradually delivered into 
«the test lamp during a period of more than two minutes, which is ample 
time for noting the effect. The rate of delivery is, of course, a gradually 4 

Fio. 358- 1 * 
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diminishing one, but this is not found to be attended with ^py inconvenience, 
the conditions being-Ihe same in each experiment. In this way a proportion 
of vapour, considerably below that which, is required even for the production 
of an inflammable mixture, and still lower than that which is needed to‘give 
an explosive atmosphere, may be detected by the formation of a flame-cap 
of greyish-blfie colour, which, though faint, is nevertheless easily* seen, 
especially after a little practices With an increase in the quantity of 
vapour, 4 the flamfe-cap firs t t becomes much better defined, ( though it is not 
greatly augmented 1 i A f size* and then considerable enlargement of the cap 
occurs, this condition being arrived 'at before* the atmespljete becomes 
inflammable. One pfthe Authors and bis brother, Mr. T. Horne Bedwogd, 
have sudbeeded in obtaining photographs of flame-caps, which are reproduced 
in Fig. 358, and convey an accurate impression of what the dbs^ver has to 
look for in employing the hydrogen flame in the quantitative testing of air 
containing, or suspected .to contain, petroleum vapour. Fig. 338 (a) rep*»- 
sents the standard hydrogen ,fiam* jn air free from 4 petroleum vapour, and 
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Fig. 35S (b) (c) (d)\«yiind(/) ahewjthe flame-caps prodiibed when thevapcur 
> oil 0.75,. 1.5,13, 5, and 6 volumes of pentane, respectively, is mixed with* 
iej,ooct volumes of air. In each case, a hydrogen flame 10 millimetres, 
' (0.4 inch) in fiefcht,was employed. In taking these photographs, the lens 
of the camera was placed equidistant between the hydrogen flame and the 
seimitised plate, see as to give an image of true size. On the assumption that 
* in thfse experiments the theoretical volume of vapour was obtained from 
the pentane, t£e proportion* «f vapour in the air were for Fig. 358 (6), 0.144 
per cent.; for (ch 0.388 per cent.; fon (d), 0.576 per cent.; for (e) 0.96 per 
cast.; and f° r (f) 1 *-*5 per* cast. "Since the investigations of one of the 
Authors* show flat the vapour of 6.65 volumes of pentane in 100,000 
jolumes of ai f is the smallest proportion giving an inflammable atmosphere, 
and that this -proportion, must be nearly doubled to give an explosive 
mixture, it follows that the nrd^ortion which furnished the flame-cap in 
Fig. 358 (6) was about $th of that necessary for the formation of a 
combustihje mixture, and about T \t^i of that which produces an explosive 
mixtures The test is, therefore, a q^licate one; and it i# obvious that, if 
the interior of a tank or other space be yenfllated until a sample of the 
Atmosphere gives no flame-cap with this apparatus, an ample margin of 
safety wil^be provided. • 

In taking a Sample of the air in a tank, the collecting vessel may be used 
in the tank, if the proportion of vapour present is known to be small, but 
even in such cases it is better to employ a short auction-tube, the open end 
of which can be placed at the lowest point in the tank, where most vapour 
would probably be found. If, on th< other hand, the atmosphere of the tank 
9 *suspected to contain so much vapour that there would be danger*of its 
producing insensibility when taken into the lungs, and especially if the 
compartment is entered through % small manhole, it would 'obviously be 
most improper that any one should be sent into the tank, ajid in that case 
the, yam pie should be taken by thrush of a long suction-tube reaching to the 
bottom. It is evident that in the case of the a tank steamships which have 
spaces not intended to be filled with oil, byt in which oft vapour is liable to 
accumulate, there wquld be no great (difficulty in having a system of small 
tubing permanently fitted, which would admit a sample of the Atmosphere 
being at any time drawn, dff by means qjf the collecting cylinder in a part 
of the ship set apart for the* purpose, so that a periodical testing, of the 
atmosphere might thus be effected during the voyage or at any other 
tij(ie. 

. • . • 

Ifis perhaps worth pointing out that qnangements have been suggested 
for rekindling a lamp without opening it, but authorities differ aa to the 
advisability of putting such an instrument into the liands of a miner. 
Wolfjp relighting contrivance consisth of a strip of paper, covered with a 
row of spots of detonating composition, yhich can be drawn past the upper 
end of the wick-tube, ana at a short distance fiom it. Each, spot when 
expose! can be ignited by if small LammeiJ ana the flash produced ignites 
the inflammable gaseous mixture surrounding the wick and then rekindles 
the flame. Thiff is intended to be applied to lamps bivmjpg benzoline. Ib 
Eisom’i method the wick is relighted by short matches, which are held in a 
rod passing tiwough the t»ttom of the lamp, and caq # be ignited by being 
broaght in contact with and robbed against a roughened plate attached to 
the side of the wick-tube. • 

* Min. Proc. inst, CJL, vol. ciyl, session 1893- 94, psrt 4 L, “ The Trsosport 0 1 Petroleum 
infcUV by* Bciyerton Kedwood. 



380 MXIB003 bs LOOKING LAMPS. 

« . . 

* 10 . Method* of Lpcklng Lamp.. 

r 

The importance of presenting the miner fnom converting his safety-ljiap 
into a naked flame lamp is too obvious to need comment. fuis well known 
that in order to obtain a little more light for his work, the miner will not 
hesitate to remove the gauze or frame or bonnet of his' lamp, although by 
so doing he incurs the risk of killing himself, aitd it may be hundredcftof his' 
fellow-workmen. It i* therefore essential to,provide some efficient means 
of preventing the opening of the lamp. Some of the arrangements adopted 
for that purpose have been already referrefbto. • t t 

The earliist device for securing the cage to the off'reservoir was an 
ordinary lock with a special form of key sufficiently long td pass through 
gome portion of 'thi' frame. Fig. 300 (p. 337). This was soon superseded 
by a sorew holt made to work through k bijas projecting from the side of 
the lower ring of the frame into a hole in the upper rim or other part of the 
oil vessel, Figs. 305, 308. WJien screwed up, the head of this bqlt is coun¬ 
tersunk, and being either square or/triangular, can only be turned by, an 
instrument like a watch-knf. -It is, however, not difficult to open such 
locks with an extemporised kef er by obtaining a duplicate key. Some¬ 
times the screw is made *0 pass through the horizontal surface of the lower 
ring of the cage into a hole in the top of the oil yessel; in ‘other cases the 
order has been reversed and the screw bolt pusses upwards through the oil 
vessel into the cage riqg, Figs. 317, 328, 333; whilst examples are not 
wanting wherein the locking bolt extends from the intermediate frame 
ring into the oil receptacle. These latter arrangements possess the advantage 
that Jhey do not necessitate any projection from the side of the lamp. 
Hasps with staples and padlocks have also been employed for this purpose, 
Figs. 304, 3*5, 329, 342 ; as also have screws wjth caps and various compli¬ 
cated devices, which proved more or less inconvenient and imperfect, and 
have naturally fallen into disuse. * , ^ 

The best system now in use consists in eoftiecting the lamp and case by 
a rivetted lead plug, which is stamped with a special mark or letter, so that 
any tampering with it may be detected. For this gurjjose, projecting metal 
lugs are provided on the sides of the cage and oil vessel in such positions and 
scwperforated that the holes in tbejp correspond fvfie. the lamp is screwed 
np, Fig. 312; the lead plug is then passed* through the holes and rivetted 
firmly by the use of a pair of pincers, carrying in one of its jaws a die with 
the selected device. In lamps having a movable bonnet, a second locking 
arrangement is frequently provided for attaching the bonnet to the frame, 
Figs. 330, 331. But contrivances also exist for locking both the boifnet to 
the cage and the cage to the oil vessfel at one operation. In,Ryder’s patented 
locking apparatus," a rod slides up and down in holes in the intermediate and 
lower ring of the franc e, and is long enough to extend beyond both these,rings. 
When, the bonnet is screwed or otherwise fixed in position, the rod is poshed 
np into a gocket provide^ to receive it, and the frame is t^en screwed on to 
the oil vessel. When thejl hare been property adjusted, the rod drops into 
a small hole yi the top of the oil vessel, and at the same time extends 
upwards thpqug^ tjm frame into the lower part of the bonnet. All the 
parts are thus held together and one lead plug suffices to lock thetn. By 
a vary neat arrangement, Ryder has dispensed noth th $ projecting parts. 
The rod slides through a brass boss fixed underneath the intermediate nig of 
the frfcne, and whep all the parts are properly adjusted it extends both into 
the oil-can and into the bonnet; horizontal holes in the boss sad in the rod 
respectively then correspond and a lead plug inserted* in-them is rivetted 
and marked in the .manner already described, ^his forms an eneed^f 
• neat and p&ctical lock. <Txf tti%Thorneburry lamp, F%. 322, the sliding 



rod » » actuated 'bysthe hasp 4. which when broughtiinto correspondence 
, with the hie B can be secured b^ a lead rivet, thus locking together fee* 
diferent^purt! of tile lamp. A device to expedite the operation of ri vetting 

* ha# been iqtnJdttoed by Morgan. The projecting tarts to receive the seal are" 
madfe longer than tfsual, and the 'Vertical hole which pierces the lower one 
doqp not completely extend through the upper one. The lower projection 

* is, moreover, furnished with a spring catch whioh allows the cylindrical lead 

* plug used to be pushed up, but the plug has, near^he lower end, a groove 
into which thd catch* fits. The plug when driven home is thus held by the 
cajch and cannot be withdrawn, neither can it be pushed out from Mow, 
the end of the*wpper projection .being closedi This is an expeditious 
system of locking, but one which affords far less security against tampering 
With than those, which inv9lve the use of pincers and c8e. * 

It should be pointed out that the various systems of locking whioh 
depend on the introduction 8f a lead rivet sinto holes or sockets set on or 
in the cajje and oil vessel, so that thmr correspond when the two parts of the 
lamp arp properly screwed together^ possess a serious defect. The corre- 
sjytndence being of course provided for when the lamp is new, it follows that 
when the screw threads become somewhat worn, by constant use, the 
tendency is for the one hole to pass slightly beyond the other when the 
cage is tightly«screwed on to the top of the oil vessel* As it would then 
be impossible to insert the lea<J plug, it may be said that., when worn, the 
lamp cannot *by this method be both securely qlosed and locked, and it 
follows that lamps may thus be sent into the mines imperfectly sorewed 
together and possibly in a dangerous condition. To obviate this, the lower 

has in some cases been made to extend some distance round the oil 
.vessel, and has been perforated with a row of holes, so that there is always 
approximate correspondence between the hole in the upper lv^r, and one of 
the perforations in the lotver plate when the lamp is properly closed. But a 
better arrangement than this has been introduced by Howat, Figs. 329 and 
33B?one of the lugs, or it may be a hasp, being attached to a countersunk 
moveable collar, so that whatever the condition of the screw, the locking 
parts can always be brought into corraspofldenoe. 

In addition to these Simple devices, locks for lamps have been suggested 
an# used which require, a strong magnet or an air-pump to undo them, 
others again, Cuveliei-’s for instance, are fastened by a pin kept in position 
by means of a manometric tube charged with liquid under pressure which 
can only be released by means of a special machine, and in one contrivance 
tHfc removal of the lock and pin necessitates the qnsoldering of a protecting 
plate.. * 

. • 

11. Varipus Farts of the Safety-Lamp. 

* e 

If becomes necessary now to make a few general remarks in reference to 
the various parts of safety-lamps. , 

* • * 9 

The Frame. —This is needed to united support, and ^eep in ^psition 
, some of the component portions of the lamp, and.jt^mijsji be capable 
of withstanding the rough usage, apd wear and,tear inseparable from 
coal-mining' at »the sagie* time it is essential tha£ the frame should 
not»add greatly to the weight of the lamp. Frar&es, should therefore 
oombine rigidity and.strength' with lightness. In lynps of simple con- 
, struct ion, sugh as the Davy lamps, the. frames consist merely of three or 
more stout, straight iron or.brass wires, which ate rivetted, in a vertical or 
inyfired position, to a substantial metal, ring Mow, and to a smaller metal 
ring or plate above, the* loyer ring, as ldoat other safet^laippe, being' 
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threaded to screw os & the oil vessel, Figs. 297, 300* 3^4, 305. Stephen- 
.sot’s lamps were /urnished with similar frames, the only modifications , 
introduce^ being those which were necessary to retain the glue at well&s 
‘ the gauze in position, and Vo furnish the air inlets and air chamber? Ew&, - 
however, in these simple lamps an auxiliary ring is sometimes-added; 'this 
screws within the lower ring of the frame and helps to ,support the glpss, 
forms part of the air chamber, or discharges gome other useful function, , 
Figs. 301, 310, 311, dhie top of the frame may be a metal ring supporting 
aflat, domed, corrugated, or arched metal plate, lo which is attached the ring 
or hook for carrying the lamp. The plltp protects the ujiner’s hand from being 
eoorched by the heated products of combustion; it also pnetects the interior 
of the lamp from falling matter, liquid and solid; these remarks apply to 
to nearly all othir sofety-iamps. The next description of frame to be con* 
sidered is that which was cdlled into existence by the requirements of the 
Clanny lamp. In this patten^ the frame is constructed in two stages, with 
an intermediate or middle ring, which may or may not he threaded; this 
middle ring is cosnected with tlie upped plate or ring by the usual fcpmber of 
stout wires, which are frequently jnclindfl together at the top, the upper part of 
the frame thus having a taper forte given tq it. The middle ring is similarly 
attached to the lower rjpg by five, six, or eight smaller wires, which are ' 
usually vertical, Fjgs. 303, 312, 313, 314, 316, Ac. Thesa wires serve to 
protect the glass, and their smaller size is advantageous as they throw less 
shadow. In a few lainps^ the same rods protect the glass and also support 
the upper parts, Figs. 307, 309, 321. 

In some lamps, Evan Thomas’, Fig. g27, the Marsaut, Fig. 328, and the 
Thorqpburry, Fig. 322, for example, the upper part of the frame is dispensed 
with, the character of the materials, or the form of construction of the 
lamp, affording sufficient rigidity and strength. In some cases, the frames 
take exceptional forms: for instance, in the Gray pattern of safety-lamp 
the air supply’tubes form the supporting stays of the frame, Figs. 323, 324. 
The auxiliary ring within the lower ring‘of the frame, already referred^), 
is either perforated^ provided with notches, so that by the insertion of a 
suitable key or implement, it can'be screwed in or out, and release or adjust 
the glasses or any other part it may 4 e supporting." ‘ 

«. * ^ 9 

The Oil Vessel .—The oil vessel,'reservoir, or call of the safety-lamp is 
usually cylindrical in form, hut has, as we have shown, been made in other 
forms, and is constructed with a neck in which the wick-tube or carrier 
is held by a threaded ring. In this country, the oil vessel is usually ma&e 
of brass, whilst on the Continent the material preferred is iron, but tip and 
zinc have also been employed. 'Recently, oil reservoirs have been con¬ 
structed with a brass body and tin top, with the object 'of minimising the 
conduction of heat to the oil, for it is fqund that the vegetable oil commoaly 
employed has a tendency to become “ gummy ’’ when continuously exposed to 
a high'temperature, and that in stfeh a condition it does not freely ascend 
the wick. ‘The oil-can ufeaily hqs a small tubejiassing through it f»am the 
base to the top, in which 'a wins, serving for trimming and adjusting the 
qfick, Vorks tightly. The top of the oil vessel is, as will^ie seen from the 
various iUustfraticfa^'mocljjied in many cases to meet the special requirements 
of the lamp; sometimes, too, the reservoirs are^traversed,by tabes for the 
admission of air, a if in the eases of the Pieler, fcwat, and* other laigpg, 
Figs. 347, 314, This arrangement is, however, not a good one, as the inlet 
holes are liable to bdbome choked with dirt whep. the amp is placed on the 
ground in the mine.' Income cafes, of which instances ha v# been given,. 
the oil vessel has Jaeen made to contain self-extinguishing or o%er 
, mechanisms, t, 
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The Wide. —thegwjclre used in gaiety-lamps areegenferally of plaited 
jetton; asbestos has, however, ba8n partially substituted for cottorf in*the ( 
lompotdte wfeks of the Protector ltunps; they are sometimes round, some- 
Jtoesatamiin a few exceptional cases are-tutflilar (Argand), the last form 
leCBssitatmg a'oefljral air supply. The wiek-tube is flat or round, and is 
lyried some distance both above and below the plate supporting it in the 
ammneck. A short'distance above this plate, there is a slot in the tube 
Otowhich the curved end the pricker can be insqpted with a view of push- 
,ng up or drttwingdowh the wick as desired; this slot should not be un¬ 
necessarily large, for .when the.jpmp. becomes heated the wick may be ignited 
Jfere if tny considerable area of is exposed. • With flat wicks, it is found 
lesirjible to employ a wick somewhat too wide and too thin for the wick- • 
jube, for the wick is thus caused to assume a wavy fota, which is favourable 
bo the flow of oil to the flame, ffhe same resdlt is obtained if the wick-tube 
is guttered along one side; the latter suggestion is due to A. H. Stokes, 
ind the former to Ashworth. Some special forms of wick-tubes have already 
been noticed, but one other, that adopted in the Rotherham lamp, may here 
Ij8 described. The burner consisted of a glassstube | inch in diameter, fixed 
concentrically in a cylindrical pg>reelain,titbe § inch, in diameter, the annular 
space between the two being filled with a porous.cementing material. At 
the top, the pomelain tube was some tvhat flattened so as to form a long narrow 
orifice f inch by about finch, the ends of this orifice being spread out and 
turned up so as to give it somewhat of a V-shap^. A twisted cotton wick 
passed through the glass tube, and the oil travelling from it into the porous 
composition burnt at the narrow oaifice of the porcelain tube. 

»• The simple form of the pricker does not cal! for further notice, but it 
should be remembered that its function as regaids raising and lowering the 
wick has been effected by different arrangements in the Hqjl, Thomson, 
Thorneburry, and other lamps. 

The Royal Commissioners on Accidents in Mines reported that many so- 
dBBfed improvements on the* soli 3 cylindrical wick employed in the Davy 
lamp and other early forms of safety-lamps resulted in the production of 
flaring and smoky flames. They found that the best results were obtained 
with the wick used the Marsaut lamp. This was described 8s a loosely 
plaited flat cotton wick, o«5 inch in width* and it was fitted ip to a wick-tube 
0.4 inch in width, wifh thi^arrangement a good oil was found to burn 
satisfactorily for the maximum duration of a shift, if the wiek was in the 
first instance adjusted so as to produce a flqrne not exceeding an inch in 
llbight, and the pricker was used occasionally. ’JVhilst, as has been already 
pointed out, it is advantageous to employ a wick somewhat wider than the 
wick-tube, the wigk must not be of such'size that it ig tightly compressed 
into the tube of carrier. Plaited vricks should be made t>f good long-staple 
cotton loosely woven. ’All cotton wicks absorb moisture, and as this 
dimlhishes their capacity to raise the oil by capillary attraction, it,follows 
that the wicks should be dried in front of the fire pr in an oven immediately 
befor^use. The wick shouU be only slightly larger than the depth of the 
oil reservoir, and should be frequently readied, as the capillary chapels are 
liable to becom#»qbatructed. , • * 

• , • » 

The Glalsee.-tThe glagam used for safety-lamps are usually cylindrical in 
fogpi, and”about 2f inches in height by inch internal*8iqmeter, the material 
being from ^ to J inch in thickness. In some cases, tjjie dimensionf of the 
glasses vary somewhat from those givpn, and in exceptional cases, aa for 
instance in *that of the Bginbridge lamp, Fig. 539, glass cylinders 4 inches 
iaiheight are used, but such glasses are .not only mor^ liable to be fractured, 
hut possess the gseat disadvantage of opting additional resistance to and 
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adding to the violence §f internal explosions. Special patterns of glasses 
Jiawj been describqi, for example, in ^connection with the Blow dad 
Ash worth-Hepplewhite-Grny lamps, Kgs. ,313 and 344. and* sufficiently 
indicate that glasses of Various forms are employed. Id fhe, ifallarafe 
lamp, in the lamp of Routledge and Johnson, in the Eloin' lamp, had 
in other lamps, glasses with parabolic surfaces have been used. .Glasses 
of lenticular and other forms have also been introduced, but none ofsfhese 
modifications has survived an extended practical test. Inverted paraboloid 
glasses constituted the special feature of Colonef Shahespear’fflainp, but .were 
found more liable than the ordinary glasses to fall to pieces when cracky}. 
The advantage of conical glasses has been already indicated. Double glass 
cylinders have, as we have seen, been introduced in many lamps, the. inner 
glass sometimes taking the form of the ordinary lamp chimney, and at othet 
times being simply a plain cylinder. In either oase, the inner glass is usually 
thinner than the outer. In spme lamps, th# space between the glasses ig 
closed, in others it is open for o the circulation of air, or serves as a channel 
through which the air current passes to r the lower part of the bufper. In 
one lamp which has been desmhpd (sefe p. 366) the annular space betw^p 
the two glasses is filled with compressed aip, and is thus used in connection 
with an automatic safety appliance. The obvious object of the double glass 
is to minimise the rj^k which may attend the fracture of the single glass. 
The air between the two glasses materially reduces the amount of heat whioh 
would otherwise be conveyed from the flafne to the outer glass, apd the 
liability to fracture of this glass is diminished; but, on the other hand, the 
inner glass is necessarily brought into close proximity to the flame, and is 
very liable to break through local overheating, especially when the lamp«*i., 
used in an inflammable atmosphere, which may ignite and bum round the 
bottom of the inner glass. Moreover, when the inner glass breaks, the 
character ol the lamp becomes altered, its internal capacity, for instance, 
being largely ihcreased; the lamp may therefore by such fracture be ren¬ 
dered unsafe, even though the outer glaSs remains intact. Double glflRes 
have also been objected to on the 1 score that it is troublesome to get them 
to fit well. <• 

Elat glasses have been employed 4 n a few instances, in tin-can Davy 
lamps, and in some of the early forms of safety lanterns to which attention 
has been drawn. 1 ', 

The glasses are, as a rule, supported between the lower and middle rings 
of the frame, and are secured in position by the auxiliary ring screwing into 
the lower frame-ring. As it is important that the junction between the 
metal and the glass should be gas-tight and remain so, it is customary to 
place washers between the surfaces, eo as to allow of the pnequal expansion 
and contraction of.*lhe two materials. ,Eor this purpose, rings of leather, 
india-rubber, and various compositions, have beeri used, but none of these 
has been found capable of resisting the alternate heating and coolihg to 
jyhich it is subjected. Asbestos rifigs have, however, been found to answer 
admirably, 4 And were accoVdtoglyj-ecnminended ,by the BoyAt Commissioners. 

Mica has been used in'the place of glass by Parish, Pyfe and Hewetson, 
weh as in tHe Pendleton lamp, Biram’s lamp, and other lamps. It. no 
doubt possesses thereat advantage over glass that it will not crack as glass 
does when flame directly impinges upon it, but under the influence of strong 
heat it soon beddmed-’ brittle, and is then liable fo Be broken by a Blow oj by 
pressuas. Moreover, a mica cylinder must necessarily be weak, and must 
be made with at lea& one joint, which is liable to be unsoofid. Mica there¬ 
fore cannot be regarded asn deeiraSle substitute for'glass. .. 4 

A protecting shield of mica hasoccasionaUy been fitted roand the gMp, 
.b%t even Dug. is not a satisfactorv addition. The onlyomanner in which 
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mica »pj»«rs jjsefully. employed fk «the ’construction «l 1 

safety-fcaps la in the forming ql what may be termed windows^ m*the f 
bSnnet,' th»flqgh which the .miner is enabled to inspect Jhe gauzes 
Ad tlAS'to'ateertaih whether they are beqpnftng dangerously hot. For 
this purpose, stHp#,of mica mounted in metal frames are set in slots in 
tl^ bonnet. , 

Gauze .—There remains but little to be tyided to the description 
already given- of gauzes for s&fety-lamps. A safe gauze should bear a defi¬ 
nite relationship to the volume ooqfmed in the lamp and the surface open 
f#r the edbape o^iurnt gases; Mhe ( conlcal form, has been found to give the 
best results. . The mesh, at any rate in the case of the safety or protective » 
qgaaze* must be such that there are not less than twenty-flight meshes to the 
linear inch. In a series of gauzqs, a larger mdfch may perhaps be permissible 
for the inner ones. Gauzes fcf smaller mesh, than this have at various times 
loeen employed. It is important Uiat all junctions in the gauze should be 
well made, so that no openings may bo left; accordingly, the ends and 
edges are generally made to overlsfp and,are, fastened together by folding 
and pressing or by wiring. Sqpietimej unmounted gauzes are employed, 
but the neatest and most effective method of applying gauzes to safety- 
lamps is to mount them in sheet-metal collars. The gapze is well supported 
when held between two »properiy fitting bands, and these bands may be 
flanged and shaped so as to fit oflsr the top of the glass, or under the rim 
of the*bonnet. In this way, a far better junotion can be made than is pos¬ 
sible with the unmounted gauze. , 

M Copper, brass, iron, and even silver have been used for the manufacture 
of the gauze; it is generally of the ordinary typo, but woven gauzes of 
special description have occasionally been adopted. In the fcchone lamp, 
for instance, the gauze reshmbled basketwork, and in its behaviour towards 
heated gases was similar to ordinary.gauze doubled. 

• * 

. The Shield or Bonnet. —These are 'invariably of ^heet metal; either 
copper, brass, iron, zinc, or tinned iron. 4 n some cases they take the form 
of plain cylinders; Jn others they ate perforated for the admission of air 
and escape of products of# combustion ; and occasionally they are mounteu 
in a ring of metal, generally bpss, perforated to allow of the entrance of air. 
Special additions are sometimes made to the bonnet, such as the upper 
batten or flange in the Evan Thomas lamp, Kg. 327, and the batten in the 
Tllorneburry. Tho bonnet is al :o frequently provided with a cover. In 
somepases, the bonnet performs a particular fUncfion in addition to affording 
protection; thus jn one form of the Hfewat deflector lamp, the bonnet 
forms part of tfie deflector system.Mgs. 329 and 330; and, as has already 
bean explained, the boifnet has been used by Thojpas as an automatic 
extinguisher. In the sight light lamps, a glass shield is used, and is protected 
by a sheet-metal continuation of the fraAe which has four long^openings i» 

it so that the gatJzes can always be seen. # • 

• 

Oils used as Bliiminanti. —It^is ob. ieusly in the^highe^ degree important 
the safety-lamp shall he capable of furnishing a. sumcient and uniform 
light da rin g*tho yhole period that it is in use. Safety is, however, the first 
coimideration*and the principles of construction which*#xperience has shown 
to he essential in minimising the risk of communication of flam® to an 
explosive atmosphere "are incompatible with the attainment of high illumi¬ 
nating powef. The MarsauJ lamp with a wick o.g inch in breadth, held by a 
hspjer 0,4 ii»ch in breadth, furnishes wifh a good oil # a flame which in the 
hnnp with two gauzes ha& an average iU iyn i nuti pg power of about 0.4 of* a * 
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ran die. Nevertheless, the efficiency of the t safety-l^mp as a soarceoft^tt 
largely’ depends on, the selection of tf. suitable illuminant. The BtfgM 
Commissioners, who carefully investigated this matter, came.RJ th^eonm- 
‘sion that &al oil was betteb than rape oil (colza oil), and tlj^t’a jHistorlWf, 
seal oil or rape oil (preferably the former).with half its Volume of petrolbum 
having a flashing point not lower than 8o° F., was far superior as aha 
illuminant. <. % 

Vegetable and aniipal oils are more visgops than mineral oils, and 
ascend the wiek by capillary attraction less readily; moreover, when 
subjected to the heat of the lamp they gradually undergo a chemical change 
with the result that the defects referred fo become aggravated, 'The addi¬ 
tion of petroleum to the fixed oil largely decreases the viscosity of the latter, 
causes it topassup tht wick far more freely, and very considerably diminishes 
the liability to oxidation. L » ' 

In the Protector lamps, the illuminant Employed is petroleum spirit 
(benzoline), and the oil vessel ip packed,with an absorbent material on the 
principle of the “eponge lamp ’’ in which this spirit is burned for domestic pur¬ 
poses. The lamp is charged by saturating the sponge with the illuminant ubd 
draining out any excess of the latter by inverting the oil vessel; in this way 
the danger which would otherwise attend the outflow of so volatile and in¬ 
flammable a liquid, jn the event of the lamp being overturned, is 1 removed. 
It is, however, essential to safety that the charging of these lamps should be 
effected where the combustible vapour which escapes cannot be a sovrce of 
danger by forming an explosive mixture with air or otherwise, and, having 
regard to the character of the liquid, the Koval Commissioners commented 
strongly on its introduction for use in mines under the “ dangerously mis¬ 
leading name” of colzalene. The Commissioners found that benzoline in 
the Protector lamp yields a bright flame, very easily extinguished by a 
current of air. The flame remains of nearly instant intensity during 
the whole time of a shift, the wick does not become charred, indeed 
the upper part is of asbestos-wool, as already’mentioned, there i^ho 
need for the employment of a pricker. 

In the Thorneburry lamp a description of petroleum intermediate 
between the ordinary burning oil ahd lubricating' oil, having a specific 
gravity of about .830, and a flashing point (Abal test) not below 250° $\, 
is' successfully 'employed, the illuminating power of the lamp being very 
decidedly superior to that of any of the safety-lamps which were made 
the subject of experiment by the Commissioners. Solid paraffin of low 
melting point has also been used in miners’ lamps. 1 

A 

In the preceding account, an attempt has been made totraee the evolution 
of the safety-lamp* employed by miners, to classify as far as possible the 
very numerous designs which the fertile brains of many inventers have 
produced, and to indicate some of the merits and defects of the principal 
(prms. 4 Within the scope of such an article, it has not, of course, been 
possible to f treat the mattar exhaustively, anfl. it has beet, the aitrrof the 
Authors to furnish a general .descriptive account embodying only such 
njechabical detdxls as are necessary ior a comprehension of*the principles of 
construction abd tiiS Characteristic features of the lamps. Beferencas have 
been made to certain lamps which have not come into practical use, but 
has only been ddhe its cases where some new arrangement worthy of qon- 
sideratisn has been adopted. 

In some instances, remarks in reference toethe utility of the various 
devices described haver been*made, bht instead of attempting ariy systematic 
criticism it has been thought desirable to append the following' particufspe, 
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obtained largely t&reugh the omirtesy of H.M. Ins^eqtore'of Mines, which 
indicate the character of the a^fet^-Iamps now in use, A ♦ e * 

j^In JTorttf E&afc Lancashire, in 1889, there were, according to, Jtr. d* 
DfckinsQi^ 26,3^27 safety-lamps in use, of the .following types. 9 ♦ 

• • 


Dayy . . 

Improved . 

„ „ * Jack . 

. „ , a • .Donald 

• 1,449 

• 1,287 


Mar say t . * , . . * . 

Mneseler .... 


18,800 

• # 

5’555 

Park Lane . . . 


704 

Bonneted Clanny 


•677 

•MoKinless .. 

] • 

137 

Herder . ... 

• 

128 

Hepplewhlte-CWay 

• * 

61 

Evan Thomas . 


50 

Wall’s Deputy . .t . 

.* • 

8 

Bainbridge. . ... 

Hall’s Deputy . 


•2 


2 


• * 

Ir Yorkshire, all the best-known types are ip use in different parts of 
She county. • . 

In Derbyshire, Leicestershire, Nottinghamshire, and Warwickshire, Mr. 
A.. HUStoke? reported that there were in use in 1890. 


Marsaut . . % 

. 17.521 

Bonneted Clanny 

8,050 

Mueseler 

■ 3.393 

Clanny 

. 2,536 

"Various . , •. 

. 1,59° 

Davy . • 

395 


liking a total of 33,285. # ’ 

In Staffordshire, the types most commonly employe^ are the Marsaut and 
the Mueseler, with |ome Bonneted Chumps and Deflectors. 

In South Wales, in"i890, Mr. J. T. Robson found in use about 49,000 
safety-lamps of the fijUijwing types. ( • . * , 


• 

• 

_ T3 ■ 

IE! 

0 

«3 

n 

0 

a 

l 

4 

at 

T 

’ si 
• B 3 

s? 

2g 

S £ 

i B 

0.0 

II 

a 

1 

Q 

a 

Total. 

The Property o? the) 

% Colliery Owners J 

10.575 

306 

5,301 

240 

122 

134 

• 

• 

II 

271 

2 

14.862 

Th» Property of thej 
Workmen J 

25,75-’ 

- 

- 

- 

5475 

• 

20 

- 

3 

- 

* 31,254 






_.j 



* 




Estimated number at eight colleriSs from which no returns 
ware obtained . * . . * ‘ . 

* ' / .»• •• 

> Total ntmber ofi»fi>ty-l»mp« in use ,. . , # . 




49,000 


, Note .—froqj the foregoing tabula# statement, it will be seen that the 
Softer pot upfreqvfently provides himself with a lamp. 

In Scotland, spfety-kjmps are less gSnqpaUy used than in England. Th§ 


























388 Wrras oi satety-Umps nr use. 

*" • (> 
following figures furnished by Mr. JoeephcT. Martin ^indicate the relation 
‘whSch {he number cf safety-lamps in nSb bears to the number of persqtta e 
.employed find the quantity of coal won in the. South-Weeten> district. 

“ v C 0 

f ’ . C « • 

Safety-Lamps In Dae, Perwm Employed. # Oafcpnt. 

1875 ... 1.755 ... 34,136 • . 6437,32* , 

1880 ... 2,949 ... 29,811, 7,997,879, 

1885 ... 5,047 ... 35,659 ... 9,478,018\ 

1890 ... *9,400 ... 40.938 r . ... 10(223,922 

1892 • ... 12,262 ... ( 42,612 .." i0,200/44 . 


(■' 
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^ENGfc: 


ABSORRTiowwpectra of oils, ar f 

Acddeftts With mineral-oil lamps, 286 et seq. % 
AWaity of oils, 13 
^ir supply to lamps, 291,. 293-5 
Air-diffusers for petroleum lamps, 293 
Air-gas .machines, 326 
44 Aladdin ” mirner, §97 
Alemblcal lamp, 254 * • 

Aleurites triloba, oil from (see candle-nut oil), 40 

Allegheny petroleum district, 102 

Allen’s test for rosia oil, 20 

Alligator grab, 148 

American oil («*■ petroleum) 

-— oil-fields, geology of, 117 
-petroleum, 1x7 

Ammonia cal liquor from shale distillation, 220 
Anglo-American rolls for rape-soe<k 24 * 

Animal fata, 40 

“ Anucapnic ” petroleum lamps, 269 • 

A|»j^rxtu8 for distilling heavy nydnyarboWods 
under pressure, 206 
Arachidic acid, 39 

Arachis hypogtea, oil from (see arachis oil), 39 
Araehis oil, 39 * m 

-composition of, 39 > 

—R- extraction of, 39 # 0 

-specific gravity of, 39 

Arctic sperm oil, 44 • 

Aria’s lamps, 282 

Aria railway carriage root lamp, 334 
Afluck from the cocoa-nut palm, 38 
Arrangement to prevent reservoir ljelng soiled 
with oil, 285 
Argand lamp, 254 
—— wick, 264 # 

Artesian well, flrgt one drilled, in tho Unitft .1 
% States, 137 
—— tfeU-drilling, 136 
—- —— In Galicia, 138 
—— weUi, toolB usecLfor drilling, 137 
Anhworro-Hepplewhiie-Gray lamp,ami flro-dainp 
indicator, 370 

— miuer’B safety-lamp, 350, 370 
Ashworth's miner’flSfcty-lamp, 351, 35^ 
Asphaltwu, 129 
. — in Trinidad, 116- 

AStatki, 1971199a 
. AstfcU lamp, 247 
Aftr&tln, sox 

AUalea qphune, oil frtnn, 3^ 

Avger,142 • 

Autoclave, De Mtllytfl, 49 
—| p- Bronx's hVrlEontal, 51 
—Bronx’* ipherlca^ 5a < 


Autoclave, with mechanical agitator, 50, 51 
Autoiniftio extinguishers for lamps, 305 et seq. 

-extinction of minor’s safety-lamps, 365 

Autinregulator lamp, 280 • 

Ayton’s rr^ner’s safety-lamp, 342 

.* B 

Bailer, 144 . 

liaiuhridge minor’s safety-lamp, 347, 358 

Baku, petroleum at, 98, 109 

-petroleuqi fields, ill 

-petroleum fields, geology of, iao 

Balance, Wostphal’s hydrostatic, 10 
Ballardio minor’s safety-lamp, 366 
Bambouk buttjr (shoa-butter), 37 . 

Band-whoel, 139 
Barbados petroleum, xi 6 # 

Bosnia hutyraeea, 37 « 

- lati/olia , fet Irom, 37 

- longi/olia, oil from, 37 * 

- Park'd , fat from, 37 

B^de chimney, 20 T 
“ Beacon ” spray larom 324 
Bead’s coal-tar naphtha lamp, 31a 
^Boavor petroleum district, 102 
Behaviour of fot oils with solvent^ 21 
Behaw, oil of (see oil of Bon), 39 
BGilby’s refrigerator for extracting paraffin xrdln 
shale oil, 233 

Ben, oil of (see oil of Ben), 39 
Benkler’s burner, 258 
Benne oir (see sesame oil), 38 
Benzenf tympg, 312, 312 

Benzine, 197 

Bltnfs’ candle moulding machinery, 79 

Biram’s miner’s safetjtyunp, 360 

Birmingham solar lamp, 2*58 

Blanks for night-lights, 96 

Blast or spray lamp!, 319 

Boak’s process of saponification, 58 % 

Boghead coal, ^3 . ^ 

Bondjpi amfTubinl’s incombuitible wick, 097 

Bonnet or shield of miner’s safety-lamps, 385 

Bonneted Clanny miner*' safaty-lamp^gx 

ftoty miner’s *atfety-lam^ 344 ^58 * 

Bothies, 75 • •• • 

^Bradford petroleiffii district, 10a 
Brassica campestris^afl from, 22 
Broad's mineral spirit l^mp, 314 
Bromine-absorption of oils, 18 
Bryhom’s miner’s sallty-lamp, 358 
Bucket lights, 9b 
Bull-rope, ifa . 

Bull-wheel, 142 

Blrmah,figging peflroloum w^Us in, 135 
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Barmab petroleum at, 98, VS 
Barren (cm lamp) 

Burner-domes lor petroledb lamps, 393 

Burning oll-irall*, .163 

Burning oils, 183, 192-3 ( 

Butler petroleum district, ioa 

c 

Cable-forked candles, 95 
Cake-paring machine, 26 ■ 0 

Calvert’s test for oils, 19 
Cambess&de's miner’s safety-lamps, 364 
Camelina oil (see sesame oil), 38 
Camelina aativa , oh from (see sesam6 oil), 33 
Camphiue lamps, 266 

Canada, refining of petrbleup in, 301 <■ 

Canadian petroleum, 117 
—— petroleum industry, in 
Candle, chronological development of, 6$ 

—— definition of, 68 

-manufacture, 68 et seq. * 

-moulding machines, 79 et seq. 

Caudle-nut oil, 40 c t 

Candles, cabled, 95 , 

——— dip (see dip cundlcs) * 1 

-fancy, 95 

-mould (see mould candles) 

-moulding by machinery, 79 

-perforated, 95 

-self-fitting ends, 93 f 

-spermaceti (see spermaceti candles) 

-spiral, 95 

-wicks for, 70 

“Cap,” formation of a,indicates the presence of 
fire-damp, 367 

—— formed in different safety-lamps in presence 
of flro-dajnjp, 368 

Carapa guianensis , oil »n>m (see crab oil), 40 

- inoluccensi*. oU from (see crab oil), 40 

Carburettors, 326, 329 

Corcel lamp, 250 t 

Carimuba wax, 5 

Caron’s stopcock, 246 ‘ c 

Casing oil-well, 153, 159, 168 
C&uso of the pleasure of mitural gas, 122 
Cora Light Co.’s lamp for burning soft paraffin, 
‘ '286 * 1 

Champion humor, 273 

-improved, 375 

Chandor lamp, 284 

Chandor’s vapour lamp, 316 ‘ 

Chateau’s test for oils, 19 f t 

** Cheese-box ’’ still for refining petroleum, 183, 
is. 

Chemistry of petroleum, 1*9 
Chimneyless lamp, 315 ‘ 

-petroleum lamps, 277 

Chimneys for petroleum lamps, 291 
Chinese petroleum wells, 116 t 

Qbloride of ziim, saponification o£ fats by, 59 
Chronological development of the cttudlc, 
Clanay’s miner’s safety-lamps, 33$ *339 t 
—— saftf v-lamp ag c fire-damp indicator, 339 
Clearing the pipes ( of pipo-lines, 167 c 

Ciookwork-fkni &r supplying air t to lamps, 293, 

m *• 

Clowes’ experiments .on the sensitiveness of fire¬ 
damp indicators, 370 k seq. 

-lamjtAS a fire-damp Indicator, 374 

Cochrane’s lamp, 266 c 
Coooa-nut oil, 37 

-—- composition of, 38 , * 

-extraction of, 38 

Coooa-nut olein, ^8 * 


Cocoa-got pa—, w , 

Cocojk-uut stearin, 38 
Cocos nuctfera ( butgracea ), fat feyui, 37 
Cocum butter, 39 . ( 11 * r 

Cohesion figures of oils, 2X ' 0 , c 

Cohoon oil, 38 * ♦ *> 

Cohune oil, 38 * 

Cold pressing fatty acids, 63 ‘ ■ 

Colour reactinus of oils, 19 r 

“ Colzalono, 386 _ ^ 

Colxa-oil («/ lape oil), 22 c # 

-adulterants of, 29 c 

—— chemical composition of, 29 

- enaction of, 22 ^ €’ 

* extraction of by means of bisulphid 

carbon, 27 “ f ( 

- refining of, 27 

- specific gravity of, 29 

- testing for impurities, 29 

- yield of, from rape-seed, 22 
Combe's miner’s safety-lamps, 358 

“ Comet ” spray lamp, 324 • 

Compressed oil-gas, 324 t 

Constituents of American petroleum, 130 

- of Caucasian petroleum, 131 

- oi Galician petroleum, *131 

Continuous still for refining petroleum, 185, 
•Coorongite, 129 1 

Copra ” or dried coooa-nut kernels, 38 
Cosmos ” burner, 284 
Cost of drilllug oil-wells, 159,1^2 o 
Cost of drilling plant, 178 
Cotton-seed oil, 29 

— -action of cold on, 31 f* 

-annual production of, 29 

-as an adulterant of olive oil, 34 

-colouring matters of, 31 

— --extraction of, 30 

-refinfng of, 30 

— -testing for, in olive oil, 34, 35 

CowIjs’ camlle moulding machine, 89,90 4 
Cow'per’s improvements in candle moul 

machines, 86 

Crab-oil (or Carapa oil) 40 

-composltioivof, 4«j 

-melting point 6f, 40 

“ Cracking ” crude petroleum, 192 
—— heavy miueVal^ils, 204 
Crano’s ifiiner’s safety-lamp, 360 
Crossley’s miner’s safety-lamp, 363 
Crowley’s wick tube, 290 
Crown-block, 139 
Crown-pulley, 142 

Crystallisation of fatty acids, 62 0 

Cylinder oil, 199 

Cylinder still for refining petroleum, 184 
cj-mogene, 191 , 

- composition of, 192 


Davis’ flro trier’s lamp, 375 
“ Davy In case,” 342 
Davy safety-lamp for miners, 336 
Defries* “ Artisan ” lamp,°2$fo 
-lamp, 277 

Defries’ and t Feeny 1 s “ pnqnmatitf " lamp, 30 
De Mllly’s antoClave, 49 0 • 

-process of saponification, 58 

Depth of California^ oil-wells, 163 

-of Galician oil-wells, *79 *> 

-of Bussfan ofl-wolls, iji 0 

Derrick, 1395 o * . 

Desiderata for safety-lamps, 340“ 
Dewar-Kedwootjcstlil fotypetroloum, 206 
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‘'Diamond ” spray lamp, 323 
Djfglatf petrol**® wells in Burmah, 135 
•J^r peti%lenni ^fclks in Italy, 136 * 

■-petroieam well* in Japan, 133 

Dip Ifendles, 6$ 72, 73 , 

Digping candles, 72 

Discover^ of petroleum ^n America, 100 
DUtilgkion of fetty acids, *9 et aeq* 

-of shale for mineral oil, 21s 

-Henddrsau syqfern, 2*6* % 

---Young and Boilby system, 219 • 

l^pty triplex burner, 273 • * 

Douglass delector, ^9 9 

Dowdall’s autongvtlc .extinguisher, 305 * 

JJrake petroleum well, 100* 

Drawl ug tapers, 74. 

Drilling oil-well, time oocupied in, 158 t 

-oil-wells, 168, 173,175 « 

*• . plant, cost of, 178 

-tools for 1 wring artesian wolls, 137 - 

-watorlush system, 168 

Daills, 149 * 

Droux’s horizontal autoclave, 51 

-spherical autoclave, 52 # 

Drying oils, 8 
---c*ldation of, 8 

Dubruile’s device ftr automatically extiruih* 
ing miner’s safety-lamps, 3<% 

Dubrunfaut’s process ol saponification, 5^ 
DumesBil’s miner’s safety-lamp, 364 

. . * E 

Eauly petroleum lamps, 267 
Earth-nut oil (see uraohia oil) 39 
EluTdiu, reaction of, 17 # • 

Ktytorito, 129 • 

Eloln miner's safety-lamp, 346 * 

*4 ijtynire ” chimney lees ^imp, 277 « 

Evans’ automatic seli-extkigulBhfhg minor’s 
safety-lamp, 366 

-miner’s safety-lamp, 360 

“Excelsior" Argand lantf, 278 » 

-duplex lamp, 278 

Enports ol petroleum from tha United States, 
107 • • 

Extinguishing appliances for lamps, 3*5 


lfliNCY candles, 95 

Fat from Bazaia Purkii, 37 . 

-from Coco* nucrfera < butyiacea), 37 

-from O'arcineff irulica (coeum butter), 39 

from Hkus succeaunra (Japuu wax), 40 
——— from Stillingia sebi/era,, or tallow free 
f (vegetable tallow) 40 
Fats, 4 

-animal, 40 

- cvgn portion of, 4 

-free fatty acids In, 14 • 

—— molting points of, xi 
—— percentage of Glycerol obtained from,, 16 
—- saponification^ 6, 15, 48, 52, $6 * 

— -2— by chloride of zinc, 59 # 

——-by lime, 4# « 

— -by stflphurtc acid, $<# > 

-by superheated steam, 55. . 

-— by water underpressure, 52 

—-— solidify ing points of, xi f 

-vegetable 22 

Fatty acids, qpld pfesaing, 63 • 

—— crystallisation and pressing of, 62 
— dlstillatlo^f, 59 •. 


Fatty acids, hot pressing of, 64 
——— melting points of, 13 • « 

-— recovery of, from tho expressed oil 

(oleic acid), 64 . * 

-V gr. of, xi • 

Fetding-cake paring machine, 26 
Fenby system of oil supply to several lamps, 
3°4 

Fire-damp indicator, Ashworth-Hepplewhite- 
Grav lamp as a, 370 

-Clang’s safety-lamp as a. 339 

-Gray’s lamp as at 368 

-Hyde’s lamp as a, 367 

-l^ydrogen flame as a, 371 

■ " —— miner’s safety-lamps os, 367 
—— — Fieler’s lampps a, 369 
"Fire test" (gee fishing point) 

Firing-h<*d for oil-well torpedoes, 161 
Fishing tools, 145-149 
Flambraux, 69 

Flashing point or “fire-test," 191-194, 200-202, 

* 287 

Flowing oil-wells, 159 

Formation of a “ cap ” as an indicator of flre- 

• damp, 367 

Foster’s inluer’s*safety-lamp, 343 
Fountain reading lamp, 245 
Frames of miner’s sa^ty-lumps, 381 
u Free-fall Jars," ^38 
Fruit, of the oil palm, 35 
Fumat miners safety-lamps, 347 
Fyfe and HewltBon’s “Improved Clauny’* 
miner's safety -lamp, 358 

G 

Galam butter (shea-butter) *3® 

Gullcla, artesian woll-drilling in, 138 

-production of petroloifn and ozokorite in, 

175 

p refining petiuleum in, 203 
Galician oil-fields, g|plogy of, iai 
—•- petroleum, 99, 100,112 
— petroleum industry, 112 
Gallery elevators, lamp, 309 • 

Gardner miner’s safety-lump, 346 
t/arcinm indica, fat from (>ee coctun butter)? 39 
Garforth miner’s sufuty-lamp, 357 
“ Gas-maker” vapour lamp, 315 
Gasogfcne lamps, 311 
Gasoleno, 191. 197 
Gauz%<jf miner’s safety-lamp, 385 
Ucdgc’s mineral spint lamp, 313 
Geological conditions under which petroleum 
occurs, 122 \ 

Geology of petroleum, 117 

-of the Amerkan oil-fields, 117 

—— ol the Baku "l-fields, 120 

-*— of the Galician oil-fields, iai % 

“ Geordle ” si^ety-lamp, 338 . 

Glipfelly tjl (»ee sesame oil), 38 
Girard’s fountain lamp, 244 
Gissing’s miner’s salety-la*jp, 358 ^ 
’Gliissner’s tosfcfor oils, 20 
Glasses of miner’s raeTy-lamps, 383 
Glover and Cail’ff miner's safety-lamp, 348 
Glover’s miner’s si^ty-lamp, 358 
Goa butter (see cocum .butter), 39 
“ Go-devil ” torpedo, x6x • 

Gooch, Yarley and^Lidstone’s wick, 297 
•Crabs, 145, 147 

Grasshopper for pumping oil-w«l}a, 163 
Gmy’s lamp as a fire-damp indicator, 36O 
-—- mjyitr’s safety-lamp, 34^ 
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Ground-nut dl (Me araohis $il)J 39 
QuiUyidin* nwringa, oil from {see oil of Ben,, 

39 • 

Guixot oil (Me Ham-til oil), 39 
(Juizotea oleijira, oil from (Ham-til Ail), pfy 

H 

Hall’s miner’s safety-lamp, 348, 364 
Hampton and Son's “perpetual lamp,” 284 
Hand-frame for mould candles, 77 
Hum's miner’s safety-lamps, 345 
Hauohcorne’s test for oils, 20 
Haworth’s miner’s safety-lamp, 361 ' 
c Hearaon’s “Sun Automatic Gas-lamp," 317 
Heavy oils, conversion dl, into burning oils, 204 

et seq. % 

Heinrich’s asbestos wick, 296 
Heinzerling miner’s safety-lamp, 361 f 
Henderson’s continuous refining still, 221 etscq. 

-method of refining paraffin, 237 * 

— refrigerator for extracting paraffin from 
shale oil, 232 < , 

Hero's lamp, 244 • 

-self-trimming lamp, 247 ' 1 

Hill and Thumm’s still for reflnhjg petroleum, 
189 

HInk’s duplex burner, 269 
—— pedestal lamp, 284 
Holliday’s coal tar naphtha lamp, 312 
Horn’s miner's safety-lamp, 347 
Hot pressing fatty acids, 64 
Howat’s arrangement for locking minor’s safety- 
laippK, 381 

-deflector miner's safety-lamp, 353 

—— miner’s safety-lamp, 346 
Huff's vapour laipp, 319. 

Huguos’ saponification apparatus, 53 

-apparatus for tlie distillation of fatty acids, 

62 

Humble miner’s safety-lamp, 362 , 

Humboldt’s miner’s safety-himp, 336 
Humlston's candle moulding machine, 84 f 
Hutt’s self-fitting candle moulding machine, 94 
Hyde’s miner’* safety-lamp as a flro-damp in¬ 
dicator, 367 c 

Hy\lr 1 )gen flame as a*flre-damp indicator, 371 • 
Hydrostatic balance, Westphal’s, 10 


Improved “ champion ” burner, 275 
Independent air supply for lamps, 295 ' 

Indian petroleum, 116 ,* 

Indicators for showing the oil-level in a lamp. 

• 

Iodine absorption of oils, 18 

Italian petroleum, 114 « 

I*y, digging petroleum wells in# 13^ 

r - 

C -*J 

• t« * 

Jaggery from cocoa-nut paln^ 38* 

Japan, digging petroleum wells iu, 133 
Japan-wax, 40 * t« 1 

— melting point of, 40 
——* specift gravity of, 40 
“ Jars," 137,138 

Johnson’s automatic extinguisher, 307 * 

Jalien and Blnmski’s apparatus‘for the distilla¬ 
tion of fatty acids, 6a , , 


Keir'b lamp, 247 

Kempson’s “.Ne plos.ultra " s^nfay 

Kerosene, 191,192, 199, 201 Jao 4 , 

- purification of, iofi, 199 

- transport of, 209 * 

Kidd’s air-gas machine, 307 

King and Godfrey's automatic extlngulsj^jr, 300 


Lamp (fi*-), Alembicfcl, 234 
— ( Argand, 254 

- “ Astral,” 247 . * 

- “ Automaton,” 247 

— Birmingham Solar, 258 • 

— Ctarcel, 250 
— Car dais, 245 

— Defries and Fecny’s “ Pneumatic," 300 * 

Diacon, 249 
— Double wicked, 264 

- “Elliptic," 250 
— Girard's, 244 
— Hero's, 244 

-self-trimming, 247 

- Keir’s, 247 , 

— Liverpool ,.25 5 

— Meyer’s “elliptic," 250 
— Moderator, 247 « 

- “ Pneumatic," 300 
— Roberts’, 256 

1- Itoborta and Upton's, 258 
— St. Clair’s, 247 

-Sinumbra, 250 

— Solar, 258 
Vesta, 236 

- -wicks, 2631 264, 295 

- Worms’, 250 
-Young’s (J.), 260 

-Young^ (T.), 250 

-vesta, 256 

-Young's (W.), 260 

J-arnp (petroleum-) {see $lso mineral spirit lamps) 

-“ Anucapni<£* 269 

-Aria’s, 282 

-“ Artisan, apo« 

—— Autorrogulator, 281 
—— “ Beacon " Bpray, 324 

-“ champion," 273, 275 

-Chaudor, 284 

-chlmney’ess, 277 

-chimneys for, 291 

-Cochrane’s, 266 

-“Comet" spray, 374 1 

—a- “ Cosmos," 284 
—— De fries’, 2^7 

-— “Artisan," 290 

-Devol’s “ water safety," 309 

-“ diamond ’’ spray, 323 

-Doty, v]3 * 

-“ empire,” 277 

-“ empress," 293 

-“ excelsior argand,” &£ 

-“duplex," 278 

1—— “ gas maker," 315 „ 

-Hlnk’s ** duplex," 2 6$ , , 

—— Hitchcock, 293 
—— Independent oil supply for, 300 

- “ lampe Beige," *77 

- “lampe tsritas," 278 # 

- Lavender’s, 294 1 

- “ Llegeota," 293 * ,* 

— Llghbody’p, J78 
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Lamp, "lueigcn,” 319 4 4 1 _ 

.-Lyle and Haurmy’s “ laetgen ” spray, ^9 


- M Hanhattf a,” 380 
. *« n^lloV* 397 (foot-npte) 


- “ nil$raj.lle*«v’ 378 

—pms.ultrir’ spiny, 334 , 

-— Newton’s, 366 * 

“ peerless,” 377 • . 

-Benn’s, 301 

—2— c perpetual,” 284 

-“ phcenix pernetual,” 396. • • 

-•“ protector safety,*290 

-— railway carriage roof fc 331 • 

— —“regiBator,” agfc •• 

-Roberts’, 268 • 

—■— -m — “ geifi," 268 • 

-“ Rochester,” 279 

-Rose’s “ beacbn ” spray, 324 

-“ diamoDd ” spray, 323 • 

-Ross, 295 9 

—Rowatt’s * anucapnlc,” 269 

-“ royal argand,” 279 

-5— Runriau, 284 

W -“ Scott" spray, 324 

-“ Shaftesbury safety,” 306 

-.Sherring’s “ Victoria safety,” 290, 507 

-sinpfL 332 

-Silber, 270 • 

-“ Star,” 280 % 

-Stobwassor’s, 268 # 

-fitagg’s “ Westminster," 279 

-“ Sun-bingo,” 280 

-“ Sun-light,” 283 

-•Trotter’s shadowless pendant, 23 o • 

-— “ v.-sta," 268 

-“ Victoria safety," 270 

— Walsh’s, 290 

—— “ Wanzer,” 293 % 9 

— “ Water safety," 309 • 

-Waterbury, 280 • 

Wells’ spray, 321* • 

-Young’s (6.), 270 

-Young’s (J.), 270 

-— “ Vesta,” 268 

** Lanipe Beige,” 277 * ^ • 

Larape Veritas, 278 

Bumps. 243, 365 * 

-accidents with iniuortil-flC 286 et seq. 

-air supply to, 391 • 

-ancient formB of, 243 

-extinguishing appliances for, 305 

•— for burning fixed oils, 243 et seq. 

-for burning soft paraffins, 28-, 

-*for mineral oil, 265 

-petroleum., principles of construction, 286, 

288 • • 

-ships', 332 , • 

Bamp-wicks, 263, 264, 295 
Lart, 40, 42 

-adulteration of, 42 

-melting point of, 42 

Lard- 911 ,43 * m 

-adulteration of, 43 

-composition of. 43 

—specific gra^ffc of, 43 " ' 

Lard-#tearin, 43 

Lavender’s Bmp, 294 • 

Leech's d*vice*for Intomatici^ly \xtlngnlshi ,, .g 
• miner’s safety-lamps, 365 
Light given by Argand and flat-Wifck burners, 
.289 • • 

-fllumintfing effect of, of lo# intensity, 3 

—— obtained by incandescence, f a 

. . produced by chemical action, 1 

Xigh body's lamp, 2j8 • 


Lignite, production of minoral-oll from, 2Z4 
Links, 69 * # 

“ Liverpool button,” *56 
Liverpool lamp, 253 
Lotbammer’# air-gas machine, 32^ 

Lubricating oils, 182, 199, 200, 201 
Lucas’ miner’s safety-lamp, 36a 
“Lucigen” lamp, 319 
LUdersdorfPs vapour lamp, 310 
Lyle and Hannay’s “ luclgen ” spray lamp, 319 
• 

M * 

McKinless miner’s safety lamp, 362 
Machine fof dipping candles, 73 
—— for drawing tapers, 75 
Machinery oils, 196 ^ 

Mackworth mlner’#Bafoty-lamp, 358 
Madia-oil, 35 

Muhwa-oil (or Mahwa butter), 37 

-specific gravity of, 37 

Mumgosteen oil (see oocuui butter), 39 
Manhattan burner, 280 • 

Manjflel^’s benzene lamp, 31X 
Mt^gosa oil (neein oil), 40 
W;ir*aut minor’s safety lamp, 352 
Massie's test fpr oils, 20 

Mauraend’s temperature reaction with sul¬ 
phuric acid, 16 * 

Maxim’s carburettor, 330 
Melia asedarachia, oil from (see noein oil), 40 
Melsen's saponification apparatus, 52 
Menhaden oil, 45 

-extraction of, 45 

-specific gravity of, 45 

Meyer’s elliptic Hmp, 230 • 

Michel’s apparatus L/r the distillation of fatty 
acids, 62 • 

— saponification apparatus, ^4 
Million lamp, 297, foot-note 
Mineral spirit lamps, 310 

-Beale’s 312 

* -Broad’s, 214 

—9-ChandorW, 316 

-—. « Gas-maker,” 315 

-Gedge’s, 313 

—r-Holliday’s, 312 

--Huff’s, 319 • 

-King’s, 313 

-Mansfiold's, 311 

-Newton’s, 314 

-•— “ Orion,” 3x7 

---Pouscbkareff’s, 315 

-•-*— lfiicey's, 315 

—*-Stringfel low’s, 316 

-Sun Automatic Gas-lamp, 317 

Miner’s safety-lamp, 335 (see also safety lamps) 
-Ashworth’s, 351, 356 

— -Ashwoith - Hepplewhite - Gray, 351, 

. 37 ° s % 

-—— Ayion’a, 342 * 

-— 4 Bafinbridg«V, 347,3^9, 383 

— -^lallardie, 366 

-S-bonneted <Jlann^\ 35 t 

-lioty’s, 345, 358 

-•• 

-Ormhessfeles, 364 

-Clanny’s. 338 

— --Combe*? 358 

-Crane’s, 360 

--CrosslejiJs, 363 

,-Davy, 336, 341 

--*“ Davy in case,’ 352 

-DuxnesnlTs, 364 

---Kloin, $46 
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Miner's safety-lamp, Evan'^ 3 ife, 366 

-—*-foster’*, 343 

->— Fumat, 347 “ 

-- Fyfejmd Howitaon’t improved Clanny, 

• 3 Cs t * 

-—— Gardner's, 346 

-Garforth's, 357 

-— 4 ‘ Geordie,” 339 

--Gluing's, 358 

— -■ Glover and Call's, 348 

-Gray’s, 349, 368 < 

—— — Hall’s, 348! 364 

-Hanns’, 345 

-Haworth’s, 361 

-Heinzerllng's, 361 

—-Horn’s, 347 

1-Howat, 344 ^ . 

-Humble, 362 

-Humboldt’s, 336 

-Hyde’s, 367 

-Lucas, 362 

-- McKinless, 362 

-Marsaut, 352' 

-Morgan’s, 356 

-——* Morlson’s, 349 

-Mueseler, 354 * s 

-—— now Furaui, 347 

-—— old Fumat, 347 # 

-Poltons’, 349, 353 

-Pendleton's, 303 

-Perkins', 342 « 

-Fieler, 343, 369 

-Purdy, 346 

-Koutledge and Johnson’s, 343, 359 

-jSmethurBt's, 347 

-—— Soar, 346 

-Stephenwin's, 338 

-Teale'Btpiston, 357 

-Thomas’ (Evau), 349, 351, 352 

-Thomson’s; 353 

-Thorneburry, 349, 359, 380, 382, 386 

-Timmis’, 347, 366 * 

-Upton and Roberts, 344 

— -Wearmoutli, 342 t 

-Williams' improved Cambrian, 360 

-Willllmsou’s, 343 

Mitrayieuie burner, 278 • 

Moderator lamp, 247 * 

Mordne’s apparatus for the distillation of fatty 
acids, 61, 62 

—— candlo moulding machine, 88,92 e 

— press. 63 

—— self-litting candle moulding nif chiije* 94 
Morgan's candle moulding machine, 81 

-miner’s safety-lamp, 356 * 

Moringa olelfcra, oil from $ee oil of Ben), 39 
Morison’s miner’s safety-lamp, 349 
Mould candles, 69, 77, 79 - 

Moulding candles by machinery, 79 
“ Mouse tiysp,” fishing tool, 147 »' 

Mdfeelor miner’s |afety-lamp, 354 « # 

Myogram sativum , oil from (sec sesaijp oil), 
Myrtle-wax, 40 • 

—- meltl«£ point of,^o 

1 •*!•# * 


Naphtha, or petroleum spirft,* 183 
National Transit Co., trunk lines owned by, 166 
Natural gas, cause of the pressure of, 122 

-tn the United States* 168 

“ Ne Plus Uitra ” spray lamp, 324 • 

Neem oil, or Margosa oil, 40 
Newton’s mineral spirit lamp, e 

• • * 4 * * 


Newton’s petrolenjp lajiift 266 
NJgqr oft* (see Ram-til oil), 39 
Highlights, 96 
Non-drying nils, 8 . 

Nungu butter (shea butter), 27 * 

« * , 

• « 

.0. 

Ogden and i^iderson’s automatic extinguisher, 
306 

Ohio petroiara* fields, 101, 10? • 

■;— Silver Plate Co.’s cindlc moulding machine, 

Oil, arn^/U (see arochis oil^9 f * 

* 3 enne (see sesame oil), 38 
—— camelina (see sesame oil), 38 * 

-candle-nut, 40 t * 

-cocoa-nut (see cocoa-nut oil), 37 

-Cfthoo^ 38 

-colza, 22 • 

—r- cotton-seed, 29 » 

—L. crab or carapa (see crab oil), 46* 

-j— earth-nut (see arachis oil), 39 * , 

-from Aleurites triloba (oandle-nut oil), 40* 

-from Arachis hypogpsa (arachis oil), 39 * 

- fr$n Attalea cohune, 3^ 

——- from camelina sativa (myagrurp sativum\ 

* 38 « 

-from Carafa guianensis (crab oil), 40 

-—- molucctnsis (crab oil), 40 

-from Guilandina moriuga (oil of llolS), 39 

-from Guizotea oleifera (Ram-til oil), 39 

-from melia azedarachia (Neem oil), 40 

—- from moringa ole\f'era (oil of Ben), 39* ( 

- from Se 8 amum indicum (sesame oil) 38 

-Gingelly (see sesame oil), 38 

-ground-nut, (see Araclii* oil), 39 

-Guizot (st* ^tam-til oil), 39 

-lard (see iard oil), 43 

—Madia, 35 

—— Kahwa^see Mahwiwoil), 37 

-Mangosteen (see cocum butter), 39 

-Margosa or Neem, 40 

-Neem or Margosa, 40 

A— Niger (see Run-til © 11 ), 39 

-of Ben or Bchen, 39 

-ot Illipl, 3* 

-specific gravity of, 37 

—— ollve*(see olive oil), 31 
——— olive-kernel, 35 
-palm (see palm oil), 35 

— palm-nut (see palm-nut oil). 37 
-l»ea-nut^see arachis oil), 39 

-Phulwara (see I’hnlwara oil), 37 * 

-Ham-til (see Rum-til pil) t 39 

-Rangoon, 100 

—5 rope-seed, 2 a 
—*- seal (see seal oil), 44 

-sesame (see sesame oil), 38 

-shark (see. shark-liver oil), 45 

-shark-liver (see shark-l^ver oil), 45 

-sperm {cee sperm oil), 44 @ 

-teel (see sesame oil), 38 

-train (see whale oil), 4^ 

1 -vessels of miner’s safety-^ampe, 382 

-whale ( see whale-oil), 43 • 

6il-gas and oil-supply, 324-^26 * 

-oomposltioi*ot, 325 • * 

—-- from .crude petroleum, 208 

-manufacture, 324 

Oils, absorption Bpectra of, 2f * 

—— acidity of/13 1 (i 

— action of enlpbur chVn*fdo on^aa 

-bromine and Iodine absorption of. l 3 

-Cah en’s an(}«Chateai^ tests, 19 
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011b, cohoslon flpw ot ag ; 

- oolour reactions of, 19 “ '• 4 

drying, 8 # * 

■*r— ola^iu reaction of, 17, 

- 3 k- fre*iatty toms in, 34 
^gp-dt^isg, 8* • 

• oxidation of, 8 * • ■ - 

- —-♦ by exposurt*to air, 23 t ■ 

- Mrcentuge of glycerol obtained from, 16 

-fanehbty of, 8 * • 

- rise of tompejature when .m^KWl with aul- 

* phuric acid, 17 * 

- specific gravity of, 10. ix • • 


for miner’s agfety- 


2— testing of, 9 

-used as illuminants 

•lamps, 385 • 

•——— vegetable, 22 

-viscosity of, *3 • 

Oil-supply for lamps, independent, 244, fxj 
9 Oil-wells, bqtt sites for, 345 • 

—•— burning, 163 

-casing, 153,159,' 168 • 

--— cosiof drilling, 159, 172 

v -depth of in, Galium, X79 % 

^-ilrllling, 168,173* 175 

-of, in United States, 149 et a<^ 

-* flowing, 159 

-pumping, i 6 p • 

-record of accidents In driiyng, 152 

-risks In drilling, 162 # 

-sact ion of,*154-157 

-spouting, 171, 172 

— strata through which it passes, 153* 

-*011)0 occupied In drilling, 158 • 

• *— torpedoing, 159-162 
“ Okouite,” 204 
Olea europaa, 31 

Oleic acid, apparatus for cooling 64 * 

-*-conversion of, into Jialmitio acid, 65 

Olive, cultivation of the, 31 • 

“ maro,” 32 • • 

Olive-oil, 31 
-adulteration of, 33 

— extraction of, 32 

—— specific gravity of#33 % • 

-testing, 33, 34 

-at— testing for sesame oil and jjotton-secd oil, 34 
Olive-kernel oil, 35 * • 

Origin of petroleum, 123 • 

H Orion " vapour lamp, 317 
•* Omega ” carburettor lamp, 332 
Oxidation of oils, 8 
—- of oils by exposure to air, 2a # 

OxoPorine, 204 
Ozokerlt, 204 
Ozokerite, 329 * * 

-industry, 113 , • 

mining, 179 et seq. 

——• occurrence of, 181 

-physical properties of, 129 

—— production of| In Galicia, *75 
-ftflning of, 203 m 

P 

FALM-KUT Oil, 3 f 9 m 
A-— . composition of, 37 

-— spfectfio gravity of, 37 t 

Palm oil, 65 • * # 

■m— bleaching of, 36 
—— composition of, 36 
— Retraction, 35 * 

-melting^wint of, 36 • * 

-specific gravity gf, 36 • 

(gjP*lm-wax, $• 

Palmitic acid, conv^sion ofaoleic acid Into, 


Palmer's (lnt oafeie moulding machine, 86 
—— second candle Aouldlng machine, 8a , 
Poraflln, 183,195 '# * * • 

—— extracting, from skate oil, 332 

• -from *at, 213 #, I# 

mfnufacture, 232 et ttq. 

-- manufacture ot from petroleum, 100 

-properties of, 195, 

-refining, «35 et seq. 

—— revolving drum refrigerator for extracting, 
232-234# 

— upright cylindrical •refrigerator for ex¬ 

tracting, 23a 

-uses of, 195, ^96 

PatorHon’e 1)11-gas apparatus, 325 

Pea-nut oil (see arachis oil), 39 I 

lte«rless chimney less lartp, a 77 

Polton’s miner’s s^oty-lamp, 349, 353 

IVndlotffn’s miner’s safety-lamp, 363 

Penn's lamp for burning heavy oils, 301 

-Astern of oil supply to several lamps, 301 

I’erfomted candles, 95 
Fr r kins’ miner’s safety-lamp, 342 
“Pypeyral lamp,” Hampton and Son's, 284 
l’tgroloum, 97 

• -at Baku, §11 

-“benzii#” 19a 

-Caucasian, constituents of, 131 

-chemistry of, i 9 g 

— - constituents of, 130 

-OTude.^transporting, 165 

--by pipe-lines, 165 

-in Canada, 174 

——--in BnsHlft, 173 

-dlscoveiy of, in Galicia, 112 

-discovery 0”, in Pounsylvania, 181 

—— earliest mention of mineral, 98 
-ether, 191 • 

-exports of, from tho United States. 107 

—— flashing point of (aecCashing point) 

—— Galician, constituents of, 13! 

-gi r.eral histciy of, 97 

*—- geographical distribution of, it 4 
-y— geological eoi/fcitions under which it occurs, 
122 

-geology of, 117 # 

-j~- in America, 117 

-in Barbados, 116 • • • 

-in Burmah, 115 

-in Canada, 117 

-in China, 116 

-it Galicia, discovery of, 99 

- # in Germany, 114 

— :fl India, 116 
-•— in Italy, 114 

-in Roumanlo, #14 

-industry, 97 * 

-- development of, in the United 8tates, 

100 • 

x ---In Canada, in 

-in Canada, development ofl^n ## 

-• in # Galicia, 112 • * ^ 

-dL-f in ItuBsia, 109 

-—- in Ttussia, de’ 

lamps, urinciples o* cuiisiruuiuu, aou.aoo 
(see^lso life# pefttfieum and mineral 
spirit lamps) 

—_-mentioned by Herodotus, 97 

-naphtha, i$f 

-origin of, 123 # 

-physical characters of, 125 

-primitive methods of obtaining, 133 

- prteciptd districts where found in Ponn 

sylvanta and New York, fo2 
-nroductionuf, in Canada, 173 

. m * . 0 a • 


, de^lppment^ 
ies of constru^ffon, 286*288 
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’etroleum, production of, in Gftiqla, 175 

——-in Russia, 168 c 

t— c— tn the United Stipes, 105-108 
refining Of. in Canada, 201 

*2—-la G$licla, 203 l 

-— in Russia, 197 e 

-——- in the United State*, 182 

-spirit, 191,19a 

—■ spray lamps, 319 
—— storage of, in Canada, 174 
—— transport of, in Galicia, 1791, 

-vapour detection*lamp, Redwood’s, 376 

-well-drilling in the United states, 139 ei uq. 

PliilllpB’ automatic extinguisher, 306 * 

-“ Shaftesbury indicating ” wick, ^97 

“ Phmnix perpetual " wick, 296 
‘phulwara oil, 37 ’>» t 

-as an adulterant of t Ghee," 57 

Physical characters of petroleum, 125 
Pieler’s lamp as a fire-damp indicator, 369^ 

-miner’s safety-lamp, 343, 369 

Plntsch’s oil-gas, 324 r 

Pipe-lines, clearing pipes of, 167 

-originator of, 165 4 « 

-truuk, 166 ) k 

“ Pitman ” (well-drilling machinery). *39 
“Pneumatic ” lamp of Defries and Peony, 300 
Polo tools, 145 

Pope and Sons’ oll-gaB plan#325 
Postlethwaite’g automatic extinguisher, 307 
Pouring wax oaudles, 75 r 

Pouschkaroff’s vapour lamp, 315 
Pressing fhtty acids, 63, 64 
Price’s Candle Co.’s improved candle machine, 87 
Principal petroleum-producing districts in Penn¬ 
sylvania and New York, 102 
Production of mineral-oil from lignite, 214 
—— of ozokerite IndaUcla, 175 

-of petroleum In Canaan 173 

-of petroleum in (falicia, 175 

" Protector ’’ miner's safety-lamp, 590,366 

Pumping oll-wejls, 163 

Purdy miner’s safety-lamp, 346 

* t 

a R 

Eacey’b chimneylcss lamp for mineral spirk, 
315 

Railway oarriage roof lamps, 334 
-greusc, 36 

-signalling lamps, 260 * 

Ram-til oil, 39 

-composition of, 39 « • * 

-specific gravity of, 39 , 

Rancidity of oils, 8 
Rangoon oil, 100 ** 

Rape-seod oil («$e colza oil), 22 
“ Ravlson ’’ (uncultivated rape-^ed), 22 
Reaction, Maumene’s temperature, 16 
Reamers, 144 

“ Retkoed ' ds,” 18a • * , 

Redwood^ petroleum vapour detection j&mp, 3Jft 
Refining crude shale-oil, 221 * 

--ozfoeri^in Galltf$ 203 

■- paraffin, 235 etjqi % 

--petroleum In Canada, 2 d!* % » 

--in Galicia, 303 * 

-—- in Russia, 197 * a* “ 

-in the United States, 182 

Regulator butler, 276 
Rcnard’s test for rosin oil, 20 * 

“ Rendering ” or refining tallow, -42 

Report on accidents with mineral otl-laffips, 286 

Revolving drum ftfrigerator fbr paraffin,232,234 


W 


Rhigolene, 191 ( 

--coffipositioa o*, jtv- 

lihvi iuccedonea, fat from («e Jtypip wtrx), 40C 
ilisks in drilling oil veils, 162 « 

Roberts and Upton’s lamp, 258 
Roberts’ “ Gem ” lamp, 067 

-Himp, 256, 367 

“ Rochester ” lamp, 27.9 c * ’ 4 

Rolling wax candles, 76 ^ t 

Rope-knives, £46 
Rope-spear, #46. . , ■ 

Rose’s “ Beacon ” spray lamp, 324 
— “Diamend” spray lamp, 333 
Robin-oil Alien’s tost lor, qp* f 

-guard’s test for, 20 

Ross and Atkins’ “Sunlight" lanlp, 283 » 

Ross lighting system, 295 

Roumanian petioleum deposits, 114 

Eoutlo<fge and Johnson's miner's Bafety-lamps 


343-359 , „ v 

Rowatt’s “Anucapnic burner, 369 «* 

Uoj^xl Argaud lamp, 279 v 

Russian burners, 284 « 

—A_ petroleum industry, 109 
Rushlights, 68, 72 

Ryder’s arrangement for locking minor's safety 
lamps, 380 r 


8 aff,ty 4 lampb (see also miner’s B*fety-lami$, 35 

-automatic extinction of, 365 

-bonnet of, 385 

- 1 comparative weights of, 341 , 

-- desiderata, 340 

-early history of, 335 

-frame of, 381 

-gauze of, 385, 

-glasses for,* 383 

-method of locking, 380 

—»• of composite type, 348 

-ofthe chimneyed ClJhuy type, 354 

-of the Clanny type, 330 

-of the Eloin type, 346 

-of the Stophonson type, 343 

- 5 — oil vessel of, & 

-shield or bonuet of, 385 

-types in 0^387 , 

'-unclassified, 360 

-wick of, 383 

St. Clair’s lamp, 247 
Sampson-post, 139 

Sampson’s candle moulding machine, 80 
Sand-pump, 138, 144 
Sand-reel, 142 

Saponification by water under pressure, j 

-of fats, 6, 15, 48, 52, 56 

- 1 -by chloride of zinc, 59 

—— ’-by hydrate of magnesia,, 51 

——-by lime, 48 

-by oxide of zinc, 51 

-by sulphuric acid, 6 * 56 

--by fUperheated steam, 7, 53, 5 

Scale paraffin, 235 
“ Schmalzol," 28 j*• 

Schdne miner’s safety-lamp, 358 
“ iijpott ” spray lamp, 324 , 

Seal-oil, 44 • 9 . . 

-as an adultemit of cod-liver oil, 45 

-composition of, 45 

-— extraction, 45 « 

-— specific granny of, 45 
Section of oil-well, 154-157 1 

Self-fitting ends 4 o candles, £3 ^ 

£osame oil, 38 
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Sesame oil, oomposltion^ofi 38; 

**—- extraction of,*38 

testing in olive oil, 34 
fkaamu7 (| inclicum^ptt from.(sosameoll); 38 . 
“siiaftolurv lriRlcating” wick, 297 
8 hrti^jJ^ir 7 nsftfety-Tarap<Mo 6 
Shale, distillation of, for mineral-oil, 315 
Sihle-oil* ai2 • , ' . , 

—— constitution of, 241 
" wude. products obtained fron!| 241 

-industry, • 

--.refining of, 221 * 

Shark-liver oil, 45 m • 

-— ♦mposittyfl of,* 5 

—-specific gravity of, 45 

Shea-tyittor, 37* I 

> —— extraction of, 37 

-melting point*of, 37 *** 

Sherring’s “Victoria Safety” lamp,^90 • 

> “ Shield ” in Clanny’s safety-lamp, 339 
Blileld or bonnet of miner’s safety-lamp, 385 
Ship’s lights, 332 * 

Briber pelrolouni lamp, 270 

V -railway carriage roof lamp, 334 % 

B -ship's lantern, 33^ 

-system of ofi supply to several lamps, 


Ktluguisher for miner’s snfotw- 


Simon’s automatic 
lamps, 365 
Sinker bar, 142 
Sinumfcra lamp*250 
Sites for oil-wells, best, 145 
Smethmat miner’s safety-lamp, 347 
Soar«Qiner’s safety-lamp, 346 
fmlar lamp, 258 
Solar-oil, 201 
«—■ Argand burner, 268 
Solvents, behaviour of oils with.*i 
Spmzeo notlfler as a fire-damp indicator, 367 
Specific gravity of fatty acids, i x • 

• — of oils, IO • B • 

■-determination of, 10 

Spedding’s steel-mill for miners, 335 
Sperm-oil, 44 

-adulteration of, 44a ^ • 

-“ Arctic,” 44 

composition of, 44 • l m 

—— extraction of, 44 • • 

—— specific gravity of, 44 
Spermaceti, 6 
—— candles, 69, 78 
•piral candles, 95 
S pong's carburettor, 332 
Spoiling oil-wolls of Baku, 171, 17 
Spray lamps for rotvoleuu), 319 
Sprengel tube, io # * 

Spring-pole, 137 . 

Sljuib for oil-well torpedo, j6x 
S talRthorpc’s candle moulding machine, 83 
Statistics of production of potroleum in the 
United States, ^05-108 
Star lAnp, 280 
Stearin (or stearlne), 4. 5, 46 
-properties of, 67 

~— raw materia® V«d for its productiem, 47 * 
-*— Mtting point of, 67 

Stearin-pitc®! 61 * 

Stephenson's miner® safety-laifp, 338 
MMtingia ubifera, or tallow-tree, fat from, 40 
Stills for refining petroleum, 183 etTeq. 
StobtfMser's burners, 28$. 

-‘ T Solar-|il Argand Burnerd?’ 268 

Storage of crude petroleum in Cicada, 174 . 
jfltredley’s mifcr’s safety-lamp, 358 
Sltringlellow’s vapp^j lamp, gio 


Sucker-rod Jai|, f46. 

Sugg’s “ Wostmlnstef ” lampw279 « 
8ulphuric odd, sapoAfleation of fats by, $6 
Son Automatic Gas Lamp," 317* 
Sun-hihge l|krner, 280 • 

“ 8unlight ’’ lamp, 282 
“ Sustainers " for night-lights, 96 
“ Sweating ” paraffin, 235, 236 
“ Sweet water," 49, 50 


Tait and Avis’ still for roflnlng petroleum, 187 
Tallow, 40 • 

-adulteration of, 41 9 

—— composition of, 41s* 

-refining, or “Gendering,” 42 

-vejAtuble (see vegetable tallow), 4c 

Tallow-dips, 73 

Talio#-tree, fat from (see vegetable tallow), 40 
Twik-i^ips for the transport of petroleum, 211 
Tlftio’s piston miner’s saiety-lamp, 357 
Teel-oil (see sesame oil), 38 
Temper-screw, 144 

S’Avot and Allan's method of refining paraffin, 

236 • 

Testing oils, 9 

Thomas’ (Evan) miller’s safety-lamp, 349, 351, 
352 

Thomson’s miner's safety-lamp, 353 
Thorneburr^a minor’s safety-lamp, 349, 359, 

382, 386 

Tilghmau’s saponification apparatus, 52 
Timmia’ miner’s safeiy-lamp, 347, 366 
Toddy from M10 cocoa-nut paliu, 38 • 

Torbane Hill mineral, 213 
Torches, 69 • 

Torpedoing oil-wells, 159-162 • 

Train-oil (see whale-oil), 4% 

Transport of crude petroleum, 165 

---■ — -in Canada, 174 

*-in Galicia, 179 

—--in Russit* 173 

Trotter's shadowless pendant lamp, 280 
Trunk lines owned by the National Transit Co. 
166 * 


pipe-lines, 166 . • 

Tubular lamp wick, 264 
Tuck’s oandle moulding machine, 81 
Typos of miner’s safety-lamps in use, 387 


•• % TJ 

United States, drilling petroleum wells In the. 

139 *. 

—— —— flr^t artesian well In, 137 
Upright ejltndricaf refrigerator for paraffin, 232 
Upton and Kober"’ miner’s safety-lamps, 344 


• V 

• V 

Valuation of fats for sfcm-iL- 

Vapour detection lamp, Hedwood’s^b 
Vapour lamjis, 310^^ 

Varley and Gogh's rol'gactory wick, 296 
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